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Virginia Pine 1
VIRGINIA PINE
Virginia pine1 occurs throughout most of the Atlantic Coastal Plain
from New Jersey to Georgia, the Piedmont, and the Southern Appalachian
Mountain region. Its importance in forestry, however, is relegated princi-
pally to the Piedmont from Maryland to North Carolina and eastern Ten-
nessee. The species is an initial in old-field succession and is generally
replaced within two generations by loblolly pine-shortleaf pine or hardwood
types. However, it occurs with shortleaf pine in a virgin stand in northern
Alabama (Walker, 1963).
Growth
In the Virginia mountains, growth of the species is expected to be
about 0.3 cord per acre per year; an old-field stand on a fine sandy loam
soil in the North Carolina mountains may produce 1 cord per acre per year.
Because growth rates are associated with stand composition, a correction
factor for the proportion of the stand in Virginia pine, along with knowl-
edge of age, density, and site index, is necessary for yield prediction. This
species has the ability to produce higher cubic-foot yields than its Virginia
competitors under equivalent stocking. For example, the Virginia pine in
a stand composed of 40 percent Virginia pine produces 51 percent of the
yield, as compared to an equally stocked pure Virginia pine stand of the
same age on a comparable site (Nelson, Clutter, and Chaiken, 1961)
(Fig. 1).
go*,E
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Figure 1—Yields are corrected for varying composition of Virginia pine in
stands of mixed species. Thus, a stand of which 60 percent is
Virginia pine has about 68 percent of the volume of a pure Vir-
ginia pine stand of equivalent stocking (from Nelson, Clutter,
and Chaiken, 1961).
Virginia pine and white oaks, the latter from sprouts, may have the same
site index on a particular site. On such lands, pine volume growth will likely
be twice that of the oak (Haney, 1962). Good survival and average growth
have also been obtained in the Carolina sandhills (McGee, 1964).
The effect of photoperiod and kind of supplemental light on vegetative
growth of Virginia pine is similar to that reported for loblolly pine. Stem
weight, stem growth, and the number of leaves were increased by increasing
day length from 8 to 16 hours (Downs and Piringer, 1958).
'Scientific names of species mentioned are Riven in the Appendix.
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This species grows best when soil nitrogen is between 25 and 100 ppm
and phosphorous 1 ppm. Satisfactory nutrition is indicated when nitrogen
and phosphorous in foliage exceed 1.7 and 0.14 percent, respectively (Fowells
and Krauss, 1959).
Site Index
Chaiken and Nelson (1959), in the process of producing site index
curves for the Piedmont province (Fig. 2), note an increase in growth
potential with a decrease in latitude—from SI 65 in Maryland and Virginia
to SI 77 in South Carolina. For Pennsylvania and Maryland, site index
averages are 46 and 59, respectively; for the Piedmont province it ranges
from 50 to 83, and averages 65. Virginia pine has a higher site index rating
than shortleaf pine where the two species are associated (Olson and Della-
Bianca, 1959; Henninger, 1962).
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Figure 2—Site index curves for Virginia pine in the Piedmont province
(from Nelson, Clutter, and Chaiken, 1961).
In the northern part of the Virginia pine range, two indicator types
have been described delineating site potential for this species. The better
sites—SI 50 to 70—are characterized by flowering dogwood and clubmoss,
and bear oak and reindeer moss indicate average and poorer sites—SI 30
to 50 (Bramble, 1947).
Mycorrhizae
Worley and Hacskaylo (1959) noted the importance of mycorrhizae in
the ecology of Virginia pine and the variable association of these fungi with
the species under changing soil moisture. As root systems are smaller under
low moisture regimes, the proportion of rootlets infected with Cenococcum
graniforme^ increases. Apparently this mycorrhiza lacks competitive ability
in moist humus as it is most abundant in dry summers, increasing ten-fold
as available moisture decreases. The black mycelium is easily distinguished
from the light-colored mycelia of other ectotrophic fungi, and is usually less
than 10 percent of the total mycorrhizal roots of the species. Ready identi-
fication of C. graniforme may provide the silviculturist with a clue to soil
^Thclephora tcrre.stris may also be involved {Hacskaylo, 1965).
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moisture regimes and, hence, site quality for Virginia pine. The presence
of mycorrhizae may indicate a phosphorus deficiency (Fowells and Kraus,
1959).
Harvest Cutting
Reproduction from Seeds
Clearcutting in strips or blocks and seed-tree harvests are
recommended for Virginia pine. While natural regeneration
occurs as far as 1/4 mile from seed sources, most seeds fall close
to parent trees. With wide strips, few seeds fall in the center
and on the windward side, as compared to the leeward side. More
than half of the area on a 200-foot strip received from 5,000 to
20,000 seeds per acre in Maryland and West Virginia trials.
Small openings of }/•> acre receive more than 60,000 seeds per
acre, most falling within 100 feet of the stand in which pro-
duced. Leaving more than 11 trees per acre in seed-tree cuttings
makes little improvement in seed dissemination, but windthrow
of mature stems of this shallow-rooted species quickly reduces
their number. Sucoff and Church (1960) found more seed to
the south and east than to the north and west of seed trees in
Maryland and West Virginia because of prevailing winds. As
sound seeds do not travel as far as empty ones, it is desirable
to make cutting tests of seeds collected in traps before predicting
regeneration possibilities.
PREVAILING
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Figure 3—Distribution of Virginia pine seed falling on a '/2-acre block
(from Sucoff and Church, 1960).
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Although variations in wave length or light quality are prob-
ably too small in nature to be of physiological importance, Vir-
ginia pine seeds are light-sensitive for germination. Red irradia-
tion promotes a very high percentage of germination, provided
temperature is held within rather narrow limits favorable to
the breaking of dormancy by seed. Far-red light, in contrast,
inhibits germination (Borthwick, 1957).
Because of susceptibility to windthrow on shallow and stiff
soils, it may be preferable to clearcut or use light seed-tree har-
vests which take about 50 percent of the volume either (1) when
release is needed for seed production or (2) just prior to seed
dissemination if seeds are abundant. Harvesting of residual
stems should not be delayed beyond 5 years and, generally, may
be made within 2 years of the initial harvest. With all of the
suggested harvest methods, a sufficiently exposed mineral seed-
bed for germination will be prepared in the process of logging.
Seed Production
Virginia pine flowering dates are related to longitudinal position. For
instance, pollen ripens on trees in Mississippi in mid-March and in late
April in North Carolina. Flowers develop almost every year, enabling fre-
quent seed production. Heavy seed crops occur every 3 or more years,
although some seeds are disseminated each autumn.
Seeds begin to fall in late October a year after pollination, and dis-
persal continues until May. Most fall between late October and the end of
December. Viability ranges from 20 to 80 percent and, as in most species,
the proportion of sound seed is higher when cone crops are large.
Small trees in dense stands do not produce seeds, partly because of their
age and partly due to crowding. Since Virginia pine stands open up as the
trees become older, manual release—like natural release—improves produc-
tivity. Sucoff and Church (1960) note the best guide to cone production
potential is past production. Trees black with old cones which persist will
probably be good producers in the future.
Reproduction from Coppice
Virginia pines sprout prolifically, but only shoots from sap-
lings and seedlings develop into trees. Stumps of larger trees
deteriorate before sprouts establish adequate root systems. Areas
with small stems which are burned and killed are readily regen-
erated by coppice shoots. The sprouts, generally many per stump,
subsequently produce short-lived trees of low quality. Coppice
is not recommended as a regeneration method, but is tolerated
under this circumstance. (Techniques for rooting cuttings are
given by Snow, 1962).
Virginia Pine
Planting
Virginia pine is especially recommended for planting within
the region on eroded sites and old fields. In eastern Tennessee,
where it was once a weed tree, it is now planted commercially
as a source of wood pulp on cut-over lands, and grows equally
as well as other southern pines on a variety of sites. Spacing of
8x10 or 8x8 feet is suggested. Planted trees probably do best
when placed deep—up to % of the stem buried—on well-drained
upland old-fields. Although deep placement may improve initial
growth for 3 years, survival is not affected. Shallow planting,
which exposes part of the root system, is deleterious to survival
and growth (Slocum and Maki, 1956). The species appears more
resistant to Fomes infection than other pines.
Virginia pine is usable in the Copper Basin, where 46 percent
survival and annual height growth of 1 foot are expected. Its
lateral root development on these eroded and toxic sites is second
only to pitch pine and accounts, at least in part, for the relatively
favorable survival (Allen, 1950). It is considered second to lob-
lolly pine for erosion-control planting in north Mississippi
(Thames, 1962).
Guidelines for direct seeding in West Virginia are given by
Sowers (1964). Site preparation and elimination of grass is
necessary. Provenance is important in survival and growth
throughout the range (Genys, 1966).
Intermediate Management
Thinning
Miller (1951) reported on thinning in old-field Virginia pines
in the upper Piedmont of the North Carolina "slate belt" on
excellent soils with a moderately well-drained friable clay B
horizon. He noted that stands beyond the sapling stage respond
especially slowly or negligibly to thinning, and that thinnings at
age 37 yielded but 11 cords per acre when 150 to 300 trees per
acre are retained.
After stands are 10 years of age, there is no improvement
of crop tree growth by removal of non-crop trees. Hence, for
Virginia pine stands, frequently having up to 9,000 stems per
acre, thinning to about 5 x 5-foot spacing should be done at age 5.
Canopies are expected to close in 3 years, allowing for re-thinning
to 7 x 7-foot spacing at age 10, and providing a growth response
at age 19 of 1550 cubic feet, inside bark, per acre.
I
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A stand with 5,000 stems per acre, thinned at age 6 to 1,200
trees (6 x 6-foot spacing), closed its canopy within 5 years. At
11 years of age, the thinned stand averaged 3.8 inches and a
non-thinned check 2.9 inches dbh. Basal area was 88 square feet
per acre for the thinned and 50 square feet for the unthinned
stands. Volume inside bark was more than doubled: 938 cubic
feet versus 400 cubic feet. On the other hand, 12- and 15-year-old
stands with 6,000 and 4,000 stems per acre, respectively, pro-
vided no appreciable growth response and did not close canopies
within the next 15 years.
In a 9-year-old stand in the Piedmont province of Maryland,
with trees 3 inches dbh and 16 feet tall, a light thinning to 320
crop trees per acre produced a growth response over the next
5 years of 1.9 inches dbh, in contrast to 1.4 for non-thinned
areas. As for the Miller experiments, no significant differences
in height growth occurred. Pruning and thinning of these
9-year-old trees gave a 5-year growth response of 1.7 inches
dbh as against 1.2 inches when trees were pruned and not thinned
(Williamson, 1953).
If thinning is almost always ineffective in stimulating growth,
there are, in addition, other advantages to not thinning Virginia
pine. Non-crop stems reduce sleet damage to crop trees, a ser-
ious problem in thinned stands; natural pruning is improved in
crowded stands, and the gross cubic foot volume is increased.
Pruning
Unpi'uned branches persist to the ground except, perhaps, on the best
sites. While pruning improves the quality of Virginia pine for sawlogs,
eliminating live branches of 9-year-old trees to a height of 8 feet resulted
in a slight decrease in diameter growth. Where sawlogs are anticipated,
crop trees should be pruned to 8 feet at age 10 and released to allow 3 to
4 feet between crowns. Crown canopies will then close within 2 to 3 years.
The butt logs should again be pruned to 16-foot heights at age 17 and
again released (Williamson, 1953). Failure to prune reduces the proportion
of good fibre per unit of stacked volume and adds to harvesting costs. Bud
pruning is not beneficial (Sucoff, 1963).
Injurious Agents
Insects
Principal insect pests of Virginia pine are Nantucket pine
tipmoths and sawflies, intensity of feeding by the latter in Vir-
ginia and North Carolina recently increasing (SEFES, 1959;
Morris, Schroeder, and Knox, 1964). Maki1 notes that in multi-
plying knots, as occurs in attacks by these insects, the proportion
'T. E. Maki, correspondence.
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of compression wood is increased in the merchantable part of
the bole. Important cone insects include a beetle (Conopthorus
virginianae), a moth (Laspeyresia toreuta^emd the larvae of the
chalcid fly which consume immature seeds.
Disease
Red Ring Rot
The chief fungus disease of Virginia pine is the red ring rot,
also referred to as red heart, caused by Fomes pini. It is either
rare in stands under 50 years of age or it is difficult to detect.
In stands over 60 years old, more than 25 percent of the trees
are generally infected. Therefore, sawlog rotations in Virginia,
Maryland, and North Carolina should be less than 60 years. A
stand only 55 years old in North Carolina was reported to have
rot in above 25 percent of the trees. Where volume losses are
negligible, as much as 15 percent of the lumber may have incipi-
ent decay which could advance to rot in a few years. Hence,
proper timing is essential for the harvest of mature and near-
mature Virginia pine (Fenton and Berry, 1956).
The only positive identification of the fungus is the dark-
colored fruiting body which looks like an elephant ear. Many
infected trees do not bear fruiting bodies but those which d,o
are often unmerchantable (Fenton and Berry, 1956). Heavy
pitch flow from low branch scars and fire scars, and low vigor
of trees are not reliable indicators. Since most infections become
established through rotten branch stubs in the lower part of
trees, providing direct access to heartwood, progressive pruning
of at least the first log length of selected crop trees is suggested.
Fruiting bodies so spaced on trunks that it is evident the rot is
present throughout the bole are an indication that sound lumber
cannot be cut from such trees. Infection may be through root
grafts, as the disease appears to occur in clumps of stems
(Fenton and Berry, 1958).
A rough guide to applicable deduction for heart rot in Vir-
ginia pine logs is as follows (Fenton and Berry, 1956) :
A. Total cull
1. Logs with two or more sporophores several feet apart.
2. Logs with one or more sporophores and visible rot at
both ends.
3. Logs without sporophores but with visible rot at both
ends.
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B. Fifty percent cull
1. Logs with one sporophore and no visible rot or rot at
one end only.
2. Logs without sporophores but with incipient rot at
both ends.
C. No cull
1. Logs without sporophores but with incipient rot at
one end only.
Pitch Canker
Pitch canker, caused by Fusarium lateritium, is recognized
by a copious flow of gum far in excess of that accompanying any
other known disease (Fig. 4). The canker retains the bark and
Figure 4—A large pitch canker on Virginia pine. The tree is alive below
and dead above the canker (from Hepting and Roth, 1946; USFS
photo).
is usually sunken, the wood beneath being deeply pitch-soaked.
It is a potentially dangerous disease, although presently causing
losses only in certain localities. The fungus seldom produces
spores on the cankers, but may be visible in the form of a light,
white, patchy growth on cankers from which the bark is re-
moved. Later these patches turn pink or purplish and produce
spores. Twig cankers may form at the base of needle clusters
or at injuries such as those caused by insect feeding. Trunk
cankers develop on trees of any size, spreading until the trunk
is girdled and the tree dies or breaks off.
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On Virginia pine, F. lateritium injury can be confused with
a rust disease caused by Cronartium appalachianum when the
latter is not producing its orange spores in the spring. No effec-
tive control measures are known for F. lateritium, but timely
thinning may rid stands of infected trees that would otherwise
die or become stagheaded (Berry and Hepting, 1959).
The possibility of using Virginia pine for gum naval-stores
production has been considered, employing innoculations of this
pathogen. Season-long flow from a single chipping was induced,
and considerable difference in gum yield between innoculated
and non-innoculated trees occurred, but yields were too low for
commercial use. Much gum soaking of the wood took place be-
hind the faces, but innoculations with spore suspensions of the
fungus on streaks did not cause spread of the disease to other
trees in the stand (Hepting, 1954).
Needle Casts
The common needle-cast fungi of southern hardpines—Hypo-
derma lethale, H. hedgcockii, and Lophodermium pinastri—are
found on Virginia pine foliage. They are of minor consequence.
Rodent Damage
Meadow mice have seriously damaged Virginia pines less than
10 feet tall in very dense stands. Typically, the injury is a con-
spicuous wounding and girdling of the stem by gnawing bark
1 to 8 inches above the ground. Small beads of resin form on
exposed wood, several months later a white resinous coating
appears, and after a year, injured areas often have a black
resinous rim. Mice do their feeding on pines in winter when sap
is the best available substitute for water which is then frozen
and inaccessible (Church, 1954). Maki1 observed that meadow
mice prefer Virginia pine to pitch pine, and McComb (1946)
found field mice definitely preferred Virginia pine to other con-
ifers in southern Iowa plantations. The grass and herb habitat
resulting from clearcutting and burning is conducive to mice
population build-up (Fenton, 1962).
T. E. Maki, correspondence.
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SAND PINE
Sand pine is native to the deep, coarse-textured soils of relatively high,
dry ridges in Florida and Alabama. It frequently occurs in dense, evenaged,
pure stands of relatively minor importance and is associated with scrub
oaks, scrub hickory, and dune holly. Past fires influence the prevalence of
the species, which is rather tolerant to shade in youth, becomes less so with
age, and expresses little dominance. Until 1941, sand pine was a weed
species. Now, it is managed principally for pulpwood; but on good sites, it
grows to sawtimber size and makes popular panelling for local markets
(Fig. 5). It is of little value for erosion control because it is a poor litter
producer (Thames, 1962).
Figure 5—Mature sand pine growing in deep white sands in the Big Scrub
of the Ocala National Forest (USFS photo).
Two Races
Sand pine is of two races: Choctawhatchee and Ocala, named for
national forests at opposite ends of north Florida in which each race pre-
dominates. Choctawhatchee National Forest, now Eglin Air Force Base,
lies in the west Florida Sandhills and the Ocala National Forest in the
upper zone of the peninsula.
The Choctawhatchee race always survives better in plantations—by 10
to 52 percent, possibly because its seedlings, become more or less dormant
from mid-December to mid-February and, therefore, are able to stand the
shock of transplanting (Scheer, 1957). Ocala stock, on the other hand, grows
actively during most winters. It is not clear whether the darker color of
the foliage of the Choctawhatchee race is related to its ability to survive,
its nutrition, or its photosynthetic capacity.
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Cones of the Choctawhatchee race release seed every autumn, in con-
trast to the serotinous nature of the Ocala stock which usually holds seed
until high temperatures are generated by fire or the sun's reflection on the
light-colored sands of open stands. Seeds of the Ocala race, however, are
released without extra high temperatures along stand borders and roads.
The sporadic nature of Choctawhatchee seed release often results in sparse,
unevenaged stands accompanied by scrub oaks in west Florida.
Big Scrub
A relatively pure stand of over 200,000 acres occurs in the Ocala
National Forest, a gigantic, flattened pine-clad dune. Intermixed with sand
pine to a slight degree and on adjacent hammocks or "islands" with better
soils of greater moisture-holding capacity are longleaf, slash, loblolly, and
pond pines, especially the former. The presence of the associated species
may be associated with fire occurrence that varies with site and fuel. While
longleaf pine stands on the ridges and islands have wiregrass and other
flash fuels, longleaf pine can withstand fire much better than sand pine.
Species transition in the Big Scrub is so obvious that roads are conveniently
located to separate the types. Deep, white sand supports sand pine on one
side, while yellowish, finer sand supports longleaf pine. On the longleaf pine
islands, sand pine cones appear to open more readily, leading to the observa-
tion that the less fertile soil on typical sand pine sites may be responsible
for the serotinous nature of the species there. Evergreen scrub oaks (myrtle,
Chapman, and sand live oaks) follow pines in succession in locales, par-
ticularly the hammocks, from which fire has been excluded.
The Big Scrub is apparently the result of the inability of coarse sands
to store water for more than a few days. These unconsolidated sands were
moved from the Appalachian Mountains and the Piedmont of the Carolinas
and Georgia during the Pleistocene period, transported to the Florida penin-
sula by offshore currents, and washed and sorted in the Big Scrub (Laessle,
1958). Mulvania (1931) found species other than sand pine making satis-
factory growth where moisture is adequate in this bed of silica, to which
the term "soil" is but remotely applicable and of which Tourney perhaps
referred in his adage, "Give me a bed of marbles and adequate water and
I can grow southern pines." Physical and chemical properties of the soil,
aside from those associated with texture, are not notably better than far
more favorable (judging from the vegetation) peninsular sites. With in-
creasing silt + clay content, up to 8 percent, as pond borders are approached,
the amounts of potassium, calcium, magnesium, and phosphorous especially
increase. That soil water is chiefly responsible for the type occurrence is
not universally agreed; Laessle (1958) believes that distinction in vegetation
may be attributed to an as yet unknown nutritional deficiency in the severely
leached soils. There is no grass: rosemary and poor grub are the principal
forbs. Even animals, micro and macro, avoid the area, for here the sands
reflect the glare of the burning sun to take a toll of the unfit.
There is probably no successional relationship between vegetation of
the Big Scrub and adjacent sandhills in which longleaf pine and turkey oak
are accompanied by wiregrass and saw-palmetto. The position of these two
communities may have remained static for millenia, seldom mixing (Laessle,
1958). Where timber-type mixtures replace the abrupt transition, it is
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because either (1) severely washed and sorted sands blew over and were
interspersed with less strongly washed and sorted deposits or (2) not enough
washing and sorting took place to limit an area to the only tree species
capable of withstanding extremely xeric conditions. Olson', in contrast,
notes that sand pine is consistently invading longleaf pine islands and ridges
with which it borders, and even the slash pine-pond pine-loblolly pine type
of the wet flatwoods.
Sand pine site indexes in the Big Scrub range from 50 to 70. However,
the species matures in 35 years and is best managed on rotations of 40
years. Yields of 20, 15, and 10 cords per acre ai-e predicted for high, medium,
and poor sites at age 40 in well-stocked stands.
West Florida Sandhills
In the Sandhills of west Florida, sand pine has outgrown slash pine
both on cleared sites and when planted without release from competitive
wiregrass and scrub oak. Where the site had been cleared, height averaged
over 3 feet 3 years after planting—almost twice that of slash pine. Unpre-
pared sites produced sand pine trees 1.8 feet tall and slash pines 1.2 feet
in 3 years. After 5 years, sand pines were 7 and 5 feet on prepared and
unprepared sites, respectively (Scheer, 1957). Subsequent release from vege-
tative competition further stimulates growth.
Regeneration
Seed Production
Sand pine flowering extends from late December to late January. Cone-
lets grow little the first year, develop rapidly in the spring of the second
year, and mature in late summer. Heavy seed crops are not produced every
year. The size of the crop and the number of seeds per cone are greater
when there is much rain during the period that flowers are formed than in
years of drought during strobili initiation.
Cones, produced as early as age 5, may be held for many years, but
seed viability decreases rapidly with cone age. Seed from recently matured
cones are most viable between September 10 and November 10 (Cooper
and Schopmeyer, 1953; Burns and McReynolds, 1966). Viability drops from
85 to 20 percent over a 5-year period of retention in cones, and many seeds
in the soil 3 months are unsound (Cooper, 1951). Cones should be collected,
therefore, shortly after maturity—mid-September to mid-November. Usually
the current crop in good seed years, determined by cutting tests which show
seed to be at least 60 percent sound, is used.
Germination
Following fire, most viable seed will be released within 1 week. Germ-
ination is usually in the winter, 2 to 3 months after seeds are released,
although adequate moisture and warm temperature in winter result in
germination in 2 weeks, making young seedlings susceptible to frost dam-
age. Damping-off, root-rot, and nematodes also injure freshly germinated
stock. The harvester ant, large and red, consumes seed and requires control
in direct seeding where there are more than two hills per acre (Cooper,
Schopmeyer, and McGregor, 1959). Applications of 5 to 10 pounds per acre
'John J. Olson, correspondence.
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of 5 percent chlorodane dust are used. White-footed deer mice, centipedes,
mourning doves, and chewinks also consume great quantities of seed. Mice
can be controlled with thallium sulfate bait. Burying seeds does not provide
protection.
High Temperature
Heat intolerance may be a cause of poor survival as trees treated by
bathing roots with hot water for nematode control die at temperature
120°F. Yet, surface soil temperatures of 160°F frequently occur in sand
pine sites (Cooper, 1957). Soil temperatures of 116°F do not visibly injure
trees (Gentile and Johansen, 1956).
Maximum photosynthesis takes place at about 78°F, becoming negligible
at temperatures above about 140°F. On the other hand, the relative efficiency
of sand pine in carrying on photosynthesis at high temperatures may account
for the success of sand pine establishment on hot sands where other conifers
fail (Pharis and Woods, 1960). Temperatures are notably cooler just under
bare sand than within an unshaded litter layer or the upper % inch of a
burned surface soil. Sufficiently cool temperatures provide a nine-fold in-
crease in germination. Hence, in direct seeding, seed should be sown just
below the surface of the soil—1A inch is preferred—to escape the effects of
high surface temperatures. Seeds % inch deep will not germinate. After
germination, shade appears desirable for seedling establishment.
Artificial Regeneration
The chief difficulty in artificial regeneration is getting seedlings through
the first year after planting, the success of which is possibly dependent upon
racial strains and nursery practices (Scheer, 1957). Usually 1 + 0 seedlings
grown in better nursery soils are too large for successful plantation estab-
lishment. Stock should have 6- to 8-inch tops with at least 50 percent of
the total length in roots. For plantations which fail, mortality begins within
a few days of planting, noted by seedlings turning their tops down as they
wither. Plantation failures have resulted in the replacement of planting by
direct seeding in the Ocala National Forest. As few as 400 stocked milacres
per acre is considered adequate for sand pine following planting or direct
seeding. In spite of the host of difficulties encountered in the artificial
regeneration of sand pine, the species shows promise as a replacement for
scrub oaks in converting the West Florida Sandhills to merchantable species
(Woods, 1959), especially where slash pine does poorly (Anon, 1963). Aggre-
gate or group spacing may be preferable to regular spacing (Taessle, 1965).
Natural Regeneration
Clearcutting is presently practiced, although consideration is
being given to shelterwood harvests which remove Va to % of the
stand in the first cutting and the remainder 10 years later.
Natural regeneration comes from seed released from cones that
open when the residual stems are removed. The objective of the
shelterwood method is to admit sufficient sunlight to open the
cones on logging slash and still provide suitable shade to protect
succulent, young seedlings. Early results are encouraging (Har-
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rington and Riebold, 1967). Seed-tree cuttings, leaving 30 trees
per acre, have also been suggested. Reproduction can be satis-
factorily obtained without prescribing fire, for log skidding
scarifies the site and cones begin to open within 3 days there-
after, provided slash is lying on the ground. Delayed germina-
tion, however, often follows cutting or fire by 3 to 4 years.
Clearcutting is done in checkerboard blocks or sections be-
tween May and December in order to have seeds and seedbeds
available when germination and seedling establishment oppor-
tunities are optimum. The most favorable germination period is
from mid-October to mid-January. If logging does not ade-
quately disturb the soil, disk or brush cutters may be used
for preparing seedbeds, depending upon the time of harvest.
TABLE 1. RECOMMENDED TIME INTERVAL BETWEEN CUTTING
AND GROUND SCARIFICATION FOR EACH MONTH OF THE YEAR
(AFTER COOPER, SCHOPMEYER, AND McGREGOR, 1959).
Month of cutt ing Optimum time
January
February
March
April
May
June
July
August
September
October
November
December
Months
4
3
3
2
2
2
1%
1
1%
1%
2
5
Slash, especially branches with many cones, from cutover
areas should be lopped and scattered to hasten opening of cones
and distribution of seed. Freshly-cut stands should not be burned,
as fire settles in slash piles where cones and seed are consumed.
After seeds are released, it may be necessary to reduce sur-
face soil temperatures and increase surface soil moisture by
supplementary shading, a technique which has increased germ-
ination 10 times and improved seedling establishment 20-fold.
Ordinarily, shade provided by lopped slash is sufficient, and seed-
bed preparation that loosens the soil enables winds and rains to
cover seed. Under natural conditions, seeds are seldom buried
too deep to germinate.
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Timing is of utmost importance in regeneration. Although
germination occurs throughout the year, seedlings sprouting
from February through May are usually killed by heat and
drought. Heat is critical in the summer, but rainfall then main-
tains adequate soil moisture. When winter and spring harvests
are unavoidable, germination can be retarded by providing a
light cover of soil over seeds for protection.
Cooper (1957) suggests planting failed areas, those with less
than 30 percent milacre stocking, using 1 + 0 nursery stock. As
stocking improves after clearcutting for several years due to
additional cones opening, artificial regeneration should not be
prescribed for "failed" cutover tracts until several years have
lapsed (Cooper, Schopmeyer, and McGregor, 1959).
Prescribed Burning
Although the best time of year to prescribe burn has not been
determined, slow-moving backfires in autumn are effective in
the Big Scrub type for obtaining adequate regeneration. Head-
fires are equally effective, but the explosive nature of the vegeta-
tion restricts their use. Slow-moving crown fires, however, con-
sume cones, causing a delay of many years in regeneration, during
which time brush and scrub oak encroach. Only rarely is the
weather proper for burning sand pine (Cooper, Schopmeyer, and
McGregor, 1959).
For seed-tree reproduction harvests of the Ocala strain to be
effective, fire sufficiently hot to open cones will kill the residual
stand of parent trees. The merchantable timber probably will
not be salvagable, but a million seeds per acre may fall within
3 weeks of burning (SEFES, 1951). Destruction of the seed
trees is perhaps not serious, as their subsequent harvest by heavy
equipment would likely result in killing many young pines.
Prescribed burning just prior to clearcutting mature stands
has been recommended also to get desirable stocking, considered
by Cooper (1953) to be 50 percent. A clean seedbed and some
hardwood control is accomplished thereby.
As stated previously, burning of freshly cut stands will
destroy cones and seed. However, where lopping and scattering
of slash has failed to provide seed dispersal, cool fires burning
with the wind a year or so after cutting may effectively provide
sufficient heat for opening cones. The rapid decrease in seed
viability following cone maturity makes burning more than 2
years after felling of doubtful value. It seems feasible that com-
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plete seed release, as by fire, probably produces enough seed for
rodents, ants, and birds as well as for stand regeneration.
Intermediate Management
Other silvicultural techniques for sand pine include hardwood
control by prescribed burning, chemical, and mechanical means.
Prescribed burning kills sand pine as well as hardwoods and,
therefore, cannot be employed when seedlings are present.
Thinning may be done in the stands of the Choctawhatchee
race. Although trees in the Ocala Big Scrub area respond to
release, thinning is infrequently practiced. Growth response is
insufficient to justify the additional operation over a clearcutting
at age 35 to 40. In the islands of longleaf and slash pines, sand
pines should be harvested in all thinnings of the more-favored
pines.
Injurious Agents
Diseases of sand pine include galls caused by Cronartium
cerebrum, common but seldom serious, and red-heart rot caused
by Fames pini. Black turpentine, southern pine, and Ips engraver
beetles kill sand pines weakened by fires or lightning. Other
insect pests include the southern pine sawyer, red-headed pine
sawfly, and the pitch moth. Deer browse young trees. Nantucket
pine tip moth injury is common, but growth is not affected
(Burns, 1966).
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Pond pine, a serotinous species, occurs in pure stands or, less frequently,
in mixtures with loblolly and slash pines, longleaf pine, and hardwoods along
the eastern seaboard from New Jersey to Florida. It is also found in iso-
lated tracts in southern Alabama, though Hall and Penfound (1943) speci-
fically note the absence of the species in swamp forests and pine ponds in
broad alluvial valleys of central Alabama.
Not until recently has there been interest in the management of this wet
site species due to its stunted, poor form and, secondarily, to the general
inaccessibility of the type. Pond pines inhabit stream banks, swamps, pond
borders, and pocosins—in extensive stands on undrained peat soil more than
6 feet deep as well as on wet sandy flats. The type is probably climax in
the bays and ponds, for there it is maintained in the absence of fire, regen-
erated as a consequence of fire, and grows pure. Because burning occurs at
intervals of 15 to 20 years, it is usually unevenaged (Fig. 6).
Pond pine survives long periods of flooding, typical in the Atlantic
coastal pocosins characterized by highly organic soils.
Figure 6—Remnants of a pond pine stand on a very poorly drained section
frequently swept by severe wildfire. The trees are about 8 inches
dbh and exhibit the typically deformed bole resulting from recur-
ring fire injuries (from Miller and Maki, 1957).
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Poorly drained soils encourage pure stands of pond pine because other
pine species cannot long endure low aeration levels. Its root systems pene-
trate the upper foot of solid soil beneath water tables and peat deposits,
which loblolly and slash pine lateral roots seldom do.
On moderately well-drained sites, pond pine mixes with loblolly and long-
leaf pines, while on protected stream courses its principal associated species
include slash pine, swamp white oak, blackgum, and tupelo gum (Shephard,
Dillard, and Lucas, 1951). Atlantic white-cedar and baldcypress replace
pond pine on waterlogged deep peat sites. Generally, pond pine grows faster
than Atlantic white-cedar which was once abundant in the wetter pocosin
areas, as evidenced by cedar trunks found buried in deep peat.
The species occurs in a virgin stand in Florida, The Osceola Natural
Area (Walker, 1963).
Growth Potential
Kaufman, White, and Monroe (1954) have reported on the growth of
pond pine in organic pocosins and adjacent mineral soils. On the mineral
soils, stand density varies with the moisture equivalent, but height growth
is affected by neither moisture equivalent nor stand density. Average heights
for abused, burned-over, poorly drained sites at age 20, 50, and 100 years
are 28, 49, and 66 feet, respectively. The dbh at these ages averages 6, 10,
and 14 inches, demonstrating that radial growth is relatively rapid in the
early life of the stand. Trees with an average height of 50 feet at age 50
seldom produce more than 2 to 2% merchantable logs, due, primarily, to
the low average form class of the species. Seldom is the volume of mistreated
pond pine stands more than 5 MBM per acre and much of this is rotten
with red heart. Perhaps an average of % cord per acre per year is produced
on undrained land, less than for any other coniferous type of the region.
On poor sites, seedling growth rates are as low as 2 inches per year for
trees under 1 foot tall, accelerating to 8 inches for trees 5 feet tall. The
maximum average basal area increase over a 10-year period ending at age
54 amounts to slightly less than 0.2 square foot. Coile (1952), in contrast,
demonstrated that dote and poor volume growth are not inherent charac-
teristics of the species. On good unburned, drained soils (SI 90), pond pine
performs so well for at least 20 to 30 years that it is not easily distin-
guished from loblolly pine in size and stand structure.1 Kaufman, White,
and Monroe (1954) recommend that pone pine on mineral soils be managed
for pulpwood and small sawlogs on a 50- to 60-year rotation, at which time
height averages 55 feet, diameter 12% inches, and the form class 73.
As most pond pines originate from sprouts, ring counts are not reliable
indicators of physiological age. Seedlings require up to 10 to 12 years to
reach breast height, while sprouts, coming in after fire, may reach breast
height in a year. An average of 4 years, however, is suggested for dbh
ages (Kaufman and Posey, 1953).
Site Index
Very wet conditions result in an accumulation of muck and peat over
periods of geologic time. In these organic soils and in mineral soils, height
growth improves with increasing amounts of silt and clay in the subsoil
'T. E. Maki, correspondence.
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and with greater depth to mottling (Coile, 1952) (Table 2). Neither aera-
tion nor flooding alone are responsible (Woodwell, 1958). Site potential in
the pocosins is inferior to that of level marshes due to the slower humifica-
tion and the longer tie-up of nutritional elements in the organic matter of
the former.
TABLE 2. SITE INDEX OF POND PINE AS INFLUENCED BY SOIL
CHARACTERISTICS (FROM COILE, 1952).
Subsoil
texture
Sand
Loamy sand
Sandy loam
Sandy clay loam
Sandy clay
Clay
Depth
to
mottling
inches
10
40
10
40
10
40
10
40
10
40
10
40
Mineral
soils*
(Al X OM =)(A1
20"
59
61
61
63
64
67
68
71
71
74
74
76
X OM
200
55
58
57
60
60
64
64
67
66
70
69
72
Organic
loams*
= ) (Al X OM
400
45
48
47
BO
50
63
52
55
54
57
56
59
Muck and
peat*
= )(A1 X OM =)
1000
31
34
33
37
35
38
37
40
39
42
40
43
•Mineral soils—less than 15% organic matter in the surface soil. Organic soils—over
35% organic matter in the surface soil (mucks and peats).
**A1 X OM. Product of the depth of organic matter incorporation (Al) and percentage
of organic matter (OM) in the surface soil.
Drainage
Draining organic soils, although desirable for improving growth, is not
economically feasible at present and, as a result, less desirable species
invade. Measurable effects of drainage have extended for 900 feet from
ditches. Gallup (1954) recorded draw-down rates of water tables in a rain-
free summer period ranging from 0.088 to 0.136 foot per day, depending
upon density and composition of vegetation and proximity of the water table
to horizons of root concentrations in the soil profile. During the growing
season, this draw-down is mainly due to evapotranspiration and may be
several times that caused by drainage alone.
Draining the Green Swamp along the North Carolina coast doubled the
site potential from about 20 to 40 site index units. Basal area also almost
doubled—from 40 to 70 square feet per acre, while the average dbh increased
from 4 to 5 inches. Graham and Rebuck (1958) recommend managing sites
with controlled drainage for pond pine.
Drainage changes the flora and fauna of most sites. Hollies and wax-
myrtle increase and swamp ironwood decreases. An exception is the grass-
sedge bog which exhibits no change after 7 years and to which Woodwell
(1958) attributes a "toxicity" not unlike that found in English heaths
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where gliotoxin, a mycorrhizal toxin produced by Penicillium spp., inhibits
growth of some species. Following drainage, the Ao soil horizon gen-
erally develops from the thick needle-leaf litter inhabited by ants and
rodents in the shade of closed canopies. Complete oxidation of the peat or
muck layer to the mineral soil, as a consequence of drainage, may enable
satisfactory growth of loblolly pine, to which the site might be converted.
Figure 7—Pond pine as an associated species of a poorly drained site.
Pond Pine 21
In addition to water removal's reducing the elevation of land through
rapid decomposition of organic matter when it is exposed to warm atmos-
pheric temperatures, water tables in adjacent areas of slightly higher
elevations are also lowered. Then, during drought, when soil water is the
limiting factor to tree growth, severe mortality might result on neighboring
sites. Usually lowering the water table a couple of inches with small gradi-
ents will improve drained sites significantly and yet not cause desiccation
of nearby areas. Drainage gates are not considered essential, as peat does
not dry out below the surface 2 to 3 inches. Lower water tables may be
maintained by encouraging dense stands, as transpiration during the grow-
ing season consumes soil moisture. This is notably evidenced in poorly
drained soils which flood following heavy cutting, even though earlier flooding
was unknown.
In pocosins, the flow of water in the layer of sand or mineral earth
lying buried under the peat is as important as that over the surface. To
drain this zone, as may be required under exceptional conditions, ditches
are cut through the organic matter (Fig. 8), and shallow lateral ditches
made every 40 to 50 yards (Lundberg, 1926).
Figure 8—Drainage canal cut through a green shrub pocosin prior to
planting.
Regeneration
Treatments to employ in pocosin areas for naturally regenerating pond
pine stands are (1) burn prior to clearcutting, (2) clearcut prior to burn-
ing, (3) seed-tree harvest (8 to 12 trees left), and (4) plow or disk the site
without burning. Intensive scarification of the soil is essential. Where sites
are not burned, the two-disk plow is effective, but brush drums and bog
disks do not do a sufficient job.
Fire prepares seedbeds most favorably, but it is risky. Some regard
prescribed burning as essential for regenerating pond pine stands (Shep-
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hard, Dillard, and Lucas, 1951), but it is suspected that burning to release
seed needs to be done under drier conditions than are comfortable in heavy
pocosin fuels. Whether achieved by burning or disking, seedbeds prepared
in late summer remain receptive for only 4 months.
The species is adept at taking over open abandoned fields where seedbeds
are in excellent condition but, because of its inferior form, other southern
pines are usually suggested for regenerating these sites. Seed trees on firm
soils may be harvested soon after reproduction is established, while on soft
pocosin land, seed-trees can most economically be left until the next cut.
Seed Production
Cones of pond pine are borne on trees as young as 10 years of age, but
maximum cone production occurs after trees are 30 years old (at breast
height). Below age 30, cone production is proportional to age or diameter
of trees (Kaufman and Posey, 1953). A single seed tree over 30 years old
is expected to produce about 200 sound closed cones per year with 75 seeds
per cone, about half of which should germinate within 80 days.
Twenty-five to thirty thousand seed per acre are suggested for good
initial stocking when weather and seedbeds are favorable. While the number
of seed trees required is not known, one judges that with 5000 seeds per
tree at 50 percent germinative capacity, 8 to 12 seed trees per acre should
be sufficient (Kaufman and Posey, 1953). Crutchfield and Trew (1961)
counted 3000 sound seed per acre disseminated in unburned and undisturbed
seed-tree stands and over 50,000 per acre in uncut stands which had been
burned. These workers noted that considerably greater percentages of sound
seed are dispersed soon after a fire compared to unburned and undisturbed
stands.
Pond pine retains cones for more than 10 years after seed dispersal, the
cones frequently overgrown by wood. Hence, the species does not produce
seed so abundantly or frequently as it appears. Kaufman and Posey (1953)
found no sound seed in cones retained more than 5 years, and reported no
differences in germination capacity between cones 1, 2, or 3 years old. Sixty
percent of retained cones were sound, 16 percent were open, and 24 percent
wormy and, therefore, unsound.
Age of cones is determined by their position on twigs, cone color, and
twig age. Newer cones are near ends of twigs and are of lighter color than
older ones. Twig age can be estimated by the number of whorls along its
length, assuming two to three for a growing season. In the southern extrem-
ity of the pond pine range, four whorls may occur.
As pond pine bears cones every year, the silvicultural problem is not
one of seed-year prediction but, rather, of timing the release of seeds from
fruit. Cones ripen in September, but seeds are not released unless extreme
heat is applied by fire or by felling of surrounding timber in summer. Fire
causes release of seed simultaneously from cones 1 to 5 years old, while
naturally shed seeds come principally from older cones that open indivi-
dually following several years of weathering and insect depredations. When
exposed to direct sunlight during hot summer days, cones' will open within
minutes after felling. Most cones which fail to open the first year they are
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exposed to sunlight in logging slash will probably not open in later years.
For naturally shed seeds, two periods of seedfall occur in a year: April
through September and October through January. The first period appears
to coincide with the hottest temperatures of the year whereas the second is
similar to the seed dispersal period of other pine species (Crutchfield and
Trew, 1961). The number of cones to be opened is controlled by providing
shade for some cones during the lopping of the logging slash.
Pond pine flowering dates are related to longitudinal position. Conse-
quently, pollen ripens on trees in Florida in late March and during the early
part of May in North Carolina (Dorman and Barber, 1956).
Artificial Regeneration
Pond pines planted on the berm or ridge of a plow furrow are superior
in growth after 3 years to seedlings placed in the bottoms of the furrows.
Growth and vigor of the species on drained sites approaches that of slash
and loblolly pines on berms and is the equivalent in the furrows.1 On non-
prepared sites, growth of pond pine is expected to be slower than for loblolly
pine, especially where not inundated. Pond pine is probably superior on land
flooded for long periods. Deep planting of seedlings, up to one-half of the
stems under the soil, is expected to provide favorable responses in well-
drained situations (Slocum and Maki, 1956). Planted seedings in the Carolina
sandhills have shown fair survival and growth (McGee, 1964).
Hybrids of loblolly and pond pine appear to be satisfactory, according
to seed-orchard tests along the South Carolina coast (Harkin, 1957).
As Atlantic white-cedar does well on undrained bog areas, perhaps aver-
aging one foot a year height growth for 30 to 40 years, it may be desirable
to convert undrained pond pine sites to this type. Fires, then, must be
completely excluded.
Thinning
Pond pine is wind-firm, even on the wetter soils, because its root system
penetrates through perched water tables to mineral soils. Nevertheless, light
cuts are not recommended due to the difficulty of logging wet sites. On firm
soils, sawlog thinning at 10-year cycles is feasible.
Grazing
Cattle grazing in pond pine forests is beneficial for seedling germination,
as trampling which disturbs surface litter permits seed to reach a moist
layer. Regeneration is sparse in the absence of both fire and disturbance.
Decreased competition with switch cane and brush, brought about by their
destruction through browsing and trampling, results in increased pond pine
seedling growth. While vigor of living trees is improved, grazing destroys
seedlings and denudes trees to a height of 8 feet when forage is scarce.
Occasionally taller trees are "ridden down" and browsed.
Gruschow (1956) found one-fourth of the trees in a pond pine range
had main stems broken and one-third had terminal buds grazed by cattle,
leaving stands in poor condition. Where protected from grazing, all but
the smallest seedlings which are hopelessly overtopped and crowded by com-
peting vegetation survive.
'T. E. Maki. ibid.
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Cattle are particularly destructive in winter when their basic foods do
not satisfy dietary requirements. Thus, where cattle and timber must be
jointly produced, supplemental feeding reduces damage to pines, but winter
exclusion is preferable. A grazing capacity of one cow on 12 to 18 acres
during the summer season is suggested for stands above 15 years of age
(Shephard, Billard, and Lucas, 1951).
Fire
Fire is the chief enemy of pond pine. (It is notably resistant
to insect and disease attack except for Nantucket pine tip moth
and fusiform rust.) As much as 18 inches of surface soil may
be consumed in a single severe fire, leaving at the surface a
mineral glei stratum. A deficiency of nutrients follows such
burning, irrespective of the release of bases brought about by
oxidation of organic matter. The original sub-stratum is often
hardpan, making reforestation impracticable. Typical wildfires
are likely to be so destructive that sprouting of pond pine is
inhibited, but sprouts may be well-formed and eventually suitable
for sawlogs.
Pure pond pine stands occur in areas which are both fre-
quently burned and poorly drained, as viable seeds are released
by the heat of a fire during occasional prolonged dry periods.
Prescribed burning, which also prepares seedbeds by removing
rough and litter, is suggested if less than 500 seedlings per
acre occur.
Switch-cane abundance provides a clue to the fire history of a
pocosin site. The reed-like grass, which grows to 15 feet in
height, regenerates from sprouts after burning; but under fire
protection and grazing, switch cane tends to be replaced by
evergreen shrubs.
Nutrition
It is believed that with the exception of nitrate nitrogen, soils of the
pocosins are nutritionally sufficient for supporting' good growth of pines,
provided drainage is adequate. The low nitrate nitrogen level is due to the
high water which prohibits oxygen from penetrating the soil and, thereby,
keeps the nitrogen as well as the organic matter in a reduced state. Wood-
well (1958), however, in these soils found (1) nitrate nitrogen supplements
caused chlorosis in pond pine seedlings, (2) phosphorus and potassium
low, and (3) trace elements deficient. Total nitrogen and calcium analyzed
high, the former up to 3 percent. In spite of the high calcium level, acidity
of the organic soils is usually about pH 3. The pH, controlling the avail-
ability of phosphorous and iron, in turn is influenced by organic matter.
Acidity also affects fungi (by species exclusion), other flora, fauna, and
bacteria, exclusion of the latter limiting nitrification.
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Nitrogen and phosphorus deficiencies may limit growth of pond pine
seedlings. Requirement of the species for calcium is extremely low, account-
ing in part for its competitive advantage in these acidic soils. Because pond
pine is native to highly reduced sites, ammonium nitrogen, rather than
nitrate, is desirable, the former being the form of nitrogen first produced
by mineralization of the decaying organic remains. Deficiencies of nitrogen
can be acute even when drained. Drainage may cause phosphorus and potas-
sium leaching in drained areas, but undrained pocosins accumulate nutrients
removed from higher ground. As the optimum requirements for nitrogen,
potassium, and calcium differ for seed source, the possibility of physiological
or inherited variation in nutrient utilization efficiency is indicated (Wood-
well, 1958). Gallup (1954) found no differences in exchangeable calcium
and potassium and acid-soluble phosphorus between drained and undrained
conditions.
Nutrient levels required for pond pine are lower than those of loblolly
pine (Woodwell, 1958), and the latter species occurs only where the soil
is adequately oxidized through drainage. Possibly the availability of nitrate
nitrogen controls the occurrence of loblolly pine in pond pine stands.
Salt toxicity in coastal soils can be ruled out as influencing pond pine
growth. The pH of sea water exceeds neutrality and even a little would
increase the pH of the organic sites. Also, these soils analyze low in sodium
and other salts.
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PITCH PINE
Pitch pine in southern forests is principally limited to the Southern
Appalachian Mountains, where it seldom occurs pure but frequently is the
principal component of the "scalplocks," short ridges extending to the "fore-
head" of a draw; and the Barrens of southern New Jersey. Whether these
Barrens are truly southern is argumentative, but the prevalence of pitch
pine, shortleaf pine, Atlantic white-cedar, and other commercial southern for-
est species indicates the close association to the types of slightly warmer
climes.
New Jersey Barrens
Pitch pine in the New Jersey Barrens occurs pure, in the pitch pine-
scrub oak (bear and blackjack) type, and in mixtures with tree oaks (black,
white, chestnut, scarlet) and shortleaf pine. Podzol soils are characteristic,
with leached horizons usually 3 to 14 inches deep. The site index for seedling
pines undamaged by wildfires is usually between 50 and 65 (Little and
Somes, 1961). (Pitch pine often is of sprout origin.)
The most common type in the Barrens is the oak-pitch pine-shortleaf
pine mixture. With periodic prescribed burning, reproduction of pine seed-
lings and seedling sprouts increases, particularly in open stands. Both pitch
and shortleaf pines survive frequent fires after seedlings develop the char-
acteristic basal crooks at ground level. The fires prepare favorable seedbeds
so that new seedlings are continually starting, some of which survive long
enough in bare spots to develop basal crooks before stems are killed by
another fire.
Both pines and oaks may be slow to invade abandoned cultivated fields
in the Barrens: oaks typically so, pines in the absence of good seed years
or good seed sources. In one area 5 months after abandonment, 60 her-
baceous species were present, mostly panicums and umbrella-sedges. A
year after, 113 species had invaded a single acre, but few, if any, tree
species (McCormick and Buell, 1957). In other areas, with a good seed
source, dense stocking of pine seedlings became established after favorable
seed years, while in poor years the establishment of pines had been slow,
particularly where dense covers of sedges and other herbaceous plants had
already developed.1
Two Barrens communities were described as follows (Buell and Cantlon,
1950) :
pitch pine stand oak stand
Total tree cover, <~/< 43 100
Basal area, sq. ft./area 60 67
Light penetration, </r of average total
sunlight at 2 meters above ground 68 29
Total shrub cover, % 93 80
These communities are pitch pine-scrub oak stands and oak-pine stands,
described by Little (1946), and are quite different from old-field stands of
seedling pines never damaged by wildfire. In addition to wildfires, the coarse-
ness of the soil, its consequent low colloidal content and moisture-holding
capacity, and the lack of organic matter are factors contributing to poor
growth.
'Dr. S. Little, correspondence.
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Oaks are reported of little value in soil improvement in the Jersey pine
Barrens (Little and Moore, 1945), the burning of which has slight effect on
soil organic matter (Burns, 1952). Indeed, the dry sands are so stei-ile that
earthworms and myriapods are scarce, probably due in part to the low pH
(3.4 to 5.0). Under the most favorable conditions, litter may accumulate
to a depth of 4 inches if unburned for several years but, even here, fungi
rather than fauna are chiefly responsible for decay (Little, Allen, and
Moore, 1948).
Roots of pitch pines in the Barrens show no apparent superiority for
xeric sites to those of many other species, according to McQuilkin (1935).
Most root tips die in summer droughts. Seedlings are predominantly tap-
rooted, extending 3 to 12 inches deep the first year. For the first 9 years,
taproot depth equals lateral root length; being about 2 feet at the end of
the period. At age 12, laterals begin to displace taproots as the most prom-
inent feature of the system. Laterals eventually extend 35 feet, the strongest
ones reaching a distance approximating tree height in the surface soil.
Taproots grow to a maximum of 9 feet. Mycorrhizae are prevalent. A rare
interspecific root graft of pitch pine and shortleaf pine was discovered by
McQuilkin (1935).
Plains
Within the Barrens are Plains where growth is so poor that the average
height of dominant trees at 65 years is less than 11 feet (Lutz, 1934), and
normally developed trees are absent, in contrast to the remainder of the
Barrens where trees attain heights of 35 to 65 feet—frequently less than
the site potential because of sprout origin and wildfire damage. The virgin
forests were probably never lush, but it is speculated that acceptable stands
of pitch and shortleaf pines occurred. The place of these pines in ecological
succession is temporary, giving way to hardwood invasion with fire exclusion
(Little and Moore, 1949).
Shortleaf pine and the better oaks, such as white, black, chestnut, and
scarlet, have been eliminated from the Plains, although they occur in other
stands in the Barrens. Their inability to produce seed at early ages has
hindered reproduction on the oft-burned Plains. Lutz (1934) and Andresen
(1959) attribute stunted growth on the Plains to fire only, as the area is
burned about every 8 years; while nearby, more normal Barrens stands
average burning once in 16 years. No marked differences are apparent in
the soils of the Plains and the remainder of the Barrens other than insuffi-
cient colloids in the Barrens to avoid droughty conditions and poor seedling
survival (Andresen, 1959).
In the Plains, repeated fires prior to the 1930's kept the vegetation low
and of sprout origin. Many of the stools from which the latest shoots
sprouted are 80 years old, and over 200 sprouts on a single stool is not
uncommon (Little and Somes, 1956; Andresen, 1959). Seedling sprouts have
as good form and growth as seedlings. Sprouts from older trees have poorer
form and less vigor. Nantucket pine tip moth and deer browsing cause severe
injury to these sprout-clump trees (Little, 1956). Sprouts often arise from
the zone of the basal crook.
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Older Plains stands contain 16,000 stems per acre, 1,280 of which may
be pines larger than % inch dbh. Diameter growth on 400 stems per acre
is doubled by eliminating competition. However, even with release, sprouts
do so poorly that conversion to seedlings is desirable.' Site preparation by
mechanical clearing or silvicide applications, accompanied by prescribed
fire, is necessary for conversion (Little and Somes, 1964).
Regeneration
Seed Production
Flowering of pitch pine for both sexes extends from late
April to mid-May (in North Carolina), and cones mature at the
end of the second summer. Seed is produced at an early age,
occasionally by 4-year-old seedlings. Almost all seed can be ex-
pected to fall between November 1 and January 1, and dispersion
does not exceed 300 feet. Pitch pine cones, sometimes serotinous,
close in wet weather (Little, 1959 a). Germinative capacity,
exceeding 50 percent in 9 days in tests by Andresen (1957),
ranges from 19 to 99 percent (U.S. Dept. Agr., 1948).
Birds and mammals consume seeds of pitch pine falling on
soil and grass. Covering seed with sod enhances germination, but
poor survival follows due to the competition of the grass. Mor-
tality of seedlings, too, has been attributed to crickets, birds,
and rodents, some of which prematurely pluck seed coats from
extended cotyledons. Squirrels shred the cones to eat the seeds.
Natural hybrids of pitch pine and pond and loblolly pines
occur. Ordinarily the regular species are preferred to the inter-
grades, but the ease with which loblolly and pitch pines can be
crossed suggests the hybrid for planting north of lobolly pine's
natural range where the hybrid's hardiness to cold and ice may
be beneficial (Little, Little, and Doolittle, 1967). Pitch pine also
hybridizes with shortleaf pine (Powells, 1965).
Natural Regeneration
Shelterwood cuttings accompanied by prescribed burning on
upland sites favor establishment of advance pine reproduction.
Seedling losses in subsequent logging are unimportant (Little
and Somes, 1961).
Where oaks sprout vigorously, conversion from oak-pine to
pine types requires more than the establishment of an adequate
amount of coniferous reproduction. Control of hardwood sprouts,
usually by using chemicals in injectors or mistblowers, is essen-
tial. Cuttings in young stands for encouraging pine reproduc-
tion are ineffective because hardwood sprouting is so vigorous
'Dr. S. Little, correspondence.
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that openings are partially filled almost at once unless silvicides
are employed (Little and Somes, 1961; Little, 1938).
A suggested silvicultural sequence for the rotation is:
(1) Cut oak sprouts until pines are 2 inches dbh.
(2) Burn periodically after pines are 2 inches dbh at 4- to
5-year intervals in 20- to 60-year-old oak stands and every
other year where hardwood competition is severe, until
the harvest cutting.
(3) Thin.
(4) Make improvement cuts.
(5) Clearcut or seed-tree harvest for maintaining evenaged
stands.
(6) Protect from fire until reproduction is 2 inches dbh
(Little, Allen, and Moore, 1948).
The establishment of pine seedlings is enhanced by using
machinery, rather than fire, to prepare seedbeds. Mechanical
site preparation is limited to good seed years. It is, however,
more expensive and of less value in wildfire protection than pre-
scribed burning (Little and Moore, 1952).
Prescribed Burning
The recommended use of fire favors pines over hardwoods by
encouraging the establishment of coniferous reproduction that
competes successfully. Coniferous establishment is most suc-
cessful where periodic burning favors advance reproduction
rather than seedlings that originate after cutting. On upland
sites, the amount of pine reproduction present after cutting tends
to increase with the number of burns before cutting by 500
seedlings per acre per burn (Little and Somes, 1961; Little and
Moore, 1949). Where overstory hardwoods in uplands are so
old that sprouting is infrequent, fire before harvest cutting may
change a predominantly oak forest to pine. Areas unburned
before cutting are likely to remain predominantly oak, while
similar areas burned several times before a seed-tree cutting
will convert to pine. By manipulating cutting and burning to
take advantage of good seed crops, conversion of oak-pine to
pine is readily accomplished (Little and Somes, 1961).
On lowland areas, where pine is subclimax to hardwoods, a
severe disturbance is necessary to reproduce the more valuable
pine. Thus, a hot, deep-burning fire in late summer or early fall,
either before or after a seed-tree cutting, is prescribed. This is
not possible to obtain every year. Being relatively difficult to
handle, it is as costly as several winter burns on upland sites.
I
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Such a prescribed fire has resulted in 5 to 33 times as many
seedlings as were obtained by cool fires in late summer (Little
and Somes, 1961).
Direct Seeding
Exposing the mineral soil is essential in direct seeding of
pitch pine. Disking was found satisfactory in the New Jersey
Barrens where 12 seeds per spot were sown, but spot seeding
is impractical. Broadcasting 5 pounds of seeds per acre and
subsequent covering of the seed with a brush hog provides for
adequate regeneration. To protect seed, a covering of soil, a
light film of other debris, or hardware cloth cones is essential
(Bramble and Goddard, 1942; Little, Cranmer, and Somes, 1958).
Wood (1938) suggested conversion of the coppice to high
forests of oak by direct seeding. This requires site preparation
a year in advance, treatments with insecticides to kill root-eating
grubs, and an application of lime to raise pH. A few large, sound
acorns are planted horizontally in each spot 1 to 2 inches deep,
covered with a sphagnum mulch, and fertilized with complete
commercial fertilizer. However, sites in the Barrens are prob-
ably too poor to favor oak.
Planting
Pitch pine seedlings with 8- to 12-inch tops planted on deep
sandy sites cleared of trees, sprouts, and shrubs survived • well
in the Plains, but not in the Barrens, the latter being more sandy
and, hence, more droughty. Plains seedlings also grew taller.
Heavy fertilizer applications at planting time failed to influence
survival or growth for the first 2 years. Browsing of terminal
shoots and branches may be sufficiently serious to require screen
protection for seedlings (Andresen, 1959).
Intermediate Management
Prescribed Burning
On upland sites, particularly in oak-pine stands, prescribed
fires have been recommended at periodic intervals after crop
trees are large enough to escape appreciable injury. Winter
burning is preferred in the Jersey Barrens. Then changes in
fuel moisture are relatively slow, and the chance of appreciable
heat injury less, as all debris is not consumed and flame is less
than 2 feet high. Proper conditions for prescribed burning may
occur on only about 30 days each year (Little, Allen, and Moore,
1948). While specific recommendations attempting to match fuel
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conditions and burning index are published, test fires provide
the best indication of actual burning conditions in the Jersey
Barrens (Little, Somes, and Allen, 1953).
Thinning young stands prior to prescribed burning reduces
damage caused by fire, provided the slash does not increase fire
intensity. Piling slash in openings and burning; or lopping,
scattering, and allowing sufficient time for debris to partly de-
compose are necessary measures for keeping fire intensity low.
Also, damage in thinned stands is less than in unthinned, as
small stems with thin bark are removed. However, damage re-
duction does not justify precommercial thinning (Somes and
Moorhead, 1950).
For lowland sites with imperfectly to very poorly drained
soils, a dense understory of shrubs like leatherleaf and sheep-
laurel contribute to the high fire intensity. Much fuel, hotly
burning shrubs, and relatively slow-drying forest floors make it
difficult to use light winter fires; and there is little difference
in burning conditions between those fires that are effective but
not damaging and those that crown or, at least, scorch overstory
foliage. Consequently, burning is not prescribed. However, light
winter fires during the rotation are recommended for firebreaks
(Little and Somes, 1961).
Hardwood Control
Light winter fires on upland sites do not eliminate most of
the hardwoods. In typical oak-pine stands where crop trees are
3 inches dbh or larger and in old-field pitch pine stands approach-
ing maturity, hardwood mortality is usually confined to the small,
suppressed stems that would soon die (Somes and Moorhead,
1950). Three winter burns in one stand killed no hardwoods
larger than 1 inch dbh, killed back most stems only if they were
less than 4 feet tall, and completely eliminated only a third of
the stems less than 1.6 feet tall. Thus, Little and Moore (1949)
note that hardwood control by fire is due to its effect on hard-
wood germination and initial survival. It requires periodic burns,
possibly at 5-year intervals, over long periods after crop trees
are resistant to injury. Control of hardwoods in understories
might well be achieved through annual or biennial burns in late
summer or early fall after an initial winter fire reduces fuels
(Little and Somes, 1961).
On wettest lowlands, most competing hardwoods and shrubs
can be eliminated by deep-burning fires which consume an appre-
ciable part of the H layer and, thereby, kill the buds of competing
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Figure 9—An area that had been prescribed burned within 3 years of a
wildfire. Only 17 percent of the pines were killed or damaged
(USFS photo).
vegetation. Lighter fires that consume only the L and F layers
permit vigorous sprouting of shrubs and hardwoods (Little and
Somes, 1961).
Hazard Reduction
Periodic prescribed winter burns on upland sites reduce fuels and make
subsequent wildfires less damaging and easier to suppress. These benefits
depend upon the amount and continuity of fuel, its moisture content, and
extent to which living foliage is seared ahead of a wildfire. Some wildfires
are stopped by areas prescribed burned; others burn across previously pre-
scribed burned areas but with reduced intensity and damage—in one case
8 percent of the pines were damaged compared to 58 percent in untreated
stands (Fig. 9). Wildfire driven by a strong, steady wind may sear the
foliage of pines in prescribed burned areas and may crown for short dis-
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tances even when there is little fuel on the ground (Moore, Smith, and
Little, 1955).
Other Effects of Prescribed Fires
Properly used prescribed fires on upland sites do not reduce yields of
pine if crop trees are more than 2 inches dbh. Some smaller pines die and
wounds are usually restricted to steins 1 inch dbh or less. Oaks are more
susceptible—as many as 14 percent of the stems 5 to 8 inches dbh were
wounded in one study. However, diameter growth of pines or oaks is unaf-
fected by burning (Somes and Moorhead, 1950).
Prescribed burning affects the forest floor and soil properties. Burns
(1952) found that moderate burning once every 4 years reduced the volume
of organic matter, especially the litter; slightly decreased the amount of
nitrogen; but did not appreciably modify chemical and physical properties
of the soil. However, annual winter fires for 15-year periods destroyed the
forest floor and caused the loss of nitrogen therein; increased pH, organic
matter, nitrogen, calcium, and potassium of the A horizon; and decreased
the rate of infiltration. Infiltration changes here are unimportant because
the rate of water absorption on coarse sandy soils is high. As annual burning
is recommended only for strategic firebreaks, effects on soil properties seem
of negligible importance.
Burns' study was restricted to changes taking place before harvests, but
greater changes in soil properties than he found may result. Fires before
cutting reduce huckleberry and blueberry cover, and increase mosses, lichens,
and herbs. The greatest change develops in open stands or after cutting,
where herbaceous plants may form relatively dense stands in marked con-
trast to their scattered occurrence in unburned areas (Buell and Cantlon,
1953). Such an understory transition might result in changes in soil prop-
erties similar to those Burns found in areas burned annually over a long
period.
Southern Appalachians
Pitch pine occurs throughout the Southern Appalachians,
usually at elevations between 1400 and 4500 feet, and reaches
into the fringes of the Piedmont. Its occurrence depends upon
fire and other catastrophes which open sites when seed are avail-
able. Because fires burn hottest where flanks converge and
explode at ridge tops, destroying hardwoods, pitch pines are
prevalent on the "scalp-locks," where ridges terminate and break-
over to coves. The shallowness of ridge soils, and hence their
xeric nature, is also conducive to pitch pine success over hard-
woods following fires. However, pitch pine stands break up early
—at about 80 years—on these sites for reasons not understood
but apparently not pathogenic. Insects entering weakened stems
are likely secondary in causing death. Growth is rapid, and by
80 years many trees in the Southern Appalachians can be ex-
pected to exceed 20 inches dbh, even on ridge sites.
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Pitch pine is a temporary type on all sites, giving way to
hardwoods or shortleaf pine, a perhaps more tolerant and a
longer-lived conifer under both mesic and xeric conditions. The
deep taproot of shortleaf pine, able to penetrate crevices of
crystalline rocks under shallow mountain soils, affords stability
against strong winds whipping across the ridges, in contrast to
the more shallow roots of pitch pine that make this species easily
windthrown on the scalp-locks at early ages. On dry southern
and western aspects, only low-value hardwood species persist,
while on other exposures high-value trees which invade are
likely to be poorly formed. Thus, the conifers should be favored
in silvicultural treatments.
Harvest Methods
Eighty year rotations are suggested, for beyond this much
mortality occurs. Ring counting for age determination is not
accurate for pitch pine, as false rings develop from mid-seasonal
growth flushes and true rings may be lacking due to drought;
although, for the mountain areas, the latter is unlikely.
Clearcutting is prescribed if reproduction is present, prefer-
ably within 2 years of seed germination. For areas of high fire
incidence, a few seed-trees may be left for insurance but, in
inaccessible sites, their later removal may not be feasible. Retain-
ing many seed-trees is detrimental as seedlings and larger trees
are mutually exclusive. Little and Moore (1949) noted that
highly important reductions in survival and growth occur within
20 feet of groups or stands of trees 3 inches dbh and larger.
Seed-tree cuttings retain 5 to 10 stems per acre, according
to aspect and prevailing wind directions. Downwind sides of
mountains and better sites require fewer seed-trees than do oppo-
site conditions.
Two-cut shelterwood techniques may be useful where com-
plete removal of the overstory results in extensive invasion by
brush, although brush competition may be more severe in areas
treated by shelterwood than in seed-tree cutting if an interval
of 5 years or longer elapses between cuts.
Shelterwood harvests appear appropriate where direction and
degree of slope result in desiccation from drying winds and the
sun's rays. About half of the volume is removed in the first cut
and the remainder taken as soon as sufficient reproduction at
least 2 years old has become established. Pines develop satis-
factorily under the shade of oaks to heights of 3 feet, but they
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then usually become deformed with leaning, flat crowns. The
longer delay in removing residual trees than suggested for clear-
cut stands with advanced reproduction is because removal of
50 percent of a stand by shelterwood cutting leaves the forest
much less dense.
Cleanings to secure dominance of pine seedlings over hard-
wood sprouts may be necessary after reproduction establishment.
Special Sites
Sand Dunes
Pitch pine has possibilities for sand dune rehabilitation. Balled trees
have been used satisfactorily on Cape Cod (Tillotson, 1921).
Copper Basin
Pitch pine is recommended for reforesting the extremely adverse sites of
the eroded hills in the Copper Basin of southeastern Tennessee and north-
central Georgia. Good survival along with both good and poor growth are
observed. The species has an extensive root system—exceeding 6 feet lat-
erally in 6 years—which for these sites appears adequate for absorbing
moisture and nutrients, even in drought.
For rehabilitation planting, the soil needs to be worked with mattocks.
Less severely eroded sites should be planted first, using seedlings with strong,
well branched root systems. Survival for the first 5 years will probably
not exceed 60 percent, which suggests close spacing of 4 x 4 feet. Close
spacing may necessitate early thinning if survival is good (Allen, 1950).
Planting stock employed is 1 + 0. Although the species is seldom suggested
for planting apart from the Copper Basin and in dunes along the coasts, it
grows well, too, where water tables are within 8 inches of the surface of
sandy soils (McQuilkin, 1935).
Diseases and Insects
The usual diseases and insects infecting and attacking the
hard southern pines prey upon pitch pine. The southern pine
beetle and fusiform rust are the most notable. Heart rots are
not important in trees less than 75 years old. Cronartium cere-
brum, C. comandrae, and C. comptoniae are also infectious. The
cause for the deterioration of stands in the Southern Appala-
chians at about 80 years of age is not understood and, as yet, no
pathogen is held accountable. Numerous insects enter older trees
of low vigor and are secondary in their cause of death.
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EASTERN WHITE PINE
What Gifford Pinchot called "the first practical application of forest
management in the United States" are the eastern white pine plantations
of the Biltmore estate in the Appalachian Mountains of North Carolina.
Plantings as early as 1890 by Pinchot, Graves, and Schenk are today the
principal source of information on the long-term management of white pine
in the region. While the species has been introduced as remote from its
natural range as south Georgia, its treatment here is limited to the Southern
Appalachians and surrounding territory.
The capacity to grow white pine is shown by diameters of 11 to 16 inches
and heights of 59 to 72 feet in plantations 34 years old. In the southern
extremity of the Southern Appalachians, diameter increment exceeds 3%
inches in 10 years. Even though yellow-poplar plantings usually grow well,
and sometimes better, except in the Virginias, white pine is preferred on
sites which provide a choice (Wahlenberg, 1955; Ball, 1949).
Natural sites for white pine are at elevations between 2000 and 4000
feet on red and yellow and gray-brown podzols derived from schist, gneiss,
and granite rocks. On such areas the species has replaced some chestnut
forests wiped out by Endothia parasitica (Ball, 1949). Moist sites along
rivers and streams are best. In West Virginia, the species does well on
imperfectly drained sites where mottling occurs as close to the soil surface
as 8 inches. Dry southern and southwestern aspects are least favorable but,
even here, white pine may do well in competition with other conifers such
as pitch and Virginia pines.
Some white pines do persist in locally dry sites where, Bormann and
Graham (1959) suggest, root intraspecific grafting enables movement of
moisture from adjacent moist soils to trees on xeric sites. Thus, riparian
trees some distance from streams may be maintained during periods of
moisture stress by water supplied through root unions.
Dominance
White pine inherently expresses dominance, resulting in many diameter
and crown classes among trees in pure, evenaged stands, especially on good
sites. Frequently, dominance results from variation in age—a year or two—
among trees within evenaged stands. On poor sites, low density of stocking
inhibits its expression. Been (1933), believing an expression of dominance
is influenced by silvicultural treatments, stated that a stand in which it is
favorable should be so stocked that dominant trees maintain fast growth,
yet develop into well-formed crop trees. A weak expression of dominance
in closed stands is accompanied by slow growth of the dominants, while too
marked differentiation produces dominants of poor form with large, heavy
crowns.
Roots
Roots of white pine develop principally in the H and Al soil horizons,
followed in order of root abundance by the A2, B, and F layers. Within a
coarse sand profile, they are mostly in fine-textured strata, regardless of
the depth of that strata (Lutz, Ely, and Little, 1937). Root extension,
dependent upon favorable soil moisture, organic matter, total nitrogen, and
exchangeable bases, is poor in soils with 90 percent or more sand and in
mottled layers. White pine roots" are plastic and adaptable to a variety of
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sites, which might enable establishment of the species on dry as well as
moist soils.
Site Index and Site Quality
Average site index for natural stands of white pine on all
sites in the Southern Appalachians of North Carolina and Georgia
is estimated at 83 (Doolittle and Vimmerstedt, 1960) (Fig. 10).
The influence of site on volume production is exhibited by the
doubled production of 25-year-old stands with 800 trees per acre
on a SQ 70 locale over land with SQ 50:
SQ
40
50
60
70
M cu. ft. per acre volumes
2.0
3.1
4.6
6.9
Outside of the South, site index of this species is dependent
upon depth of the A horizon, stoniness of the B layer, drainage,
and stand density, the first two variables accounting for about
one-half of the variation in soil productivity (Young et al., 1950;
Husch and Lyford, 1956). For the South, the depth of A, at
least, appreciably influences site potential.
Regeneration
Natural Regeneration
The white pine type is regenerated by shelterwood and selec-
tion harvests. Seed-tree cuts on small acreages or large groups
in group-selection may also be effective, but selection harvests
where tolerant hardwoods abound is discouraged. Frequently
reproduction is so dense under thinned stands that the thinning
behaves as a shelterwood or selection cutting. If it is desirable
to take advantage of these advance seedlings, the second of the
shelterwood cuts should take 40 to 60 percent of the volume,
and the final harvest made approximately 5 years later. Advance
reproduction is otherwise suppressed and lacking in vigor. Stock-
ing of 10,000 seedlings per acre is sought and, when these are
over 2 feet tall, the residual overstory removed.
Many seedlings die of heat (if released too soon), drought,
pales weevil, and logging damage (Hawley, 1936). Scattered
low-lying slash on the forest floor reduces solar radiation, retards
moisture evaporation, and encourages the growth of Polytrichum
moss which, in turn, favors establishment of white pine. How-
ever, dense moss may be detrimental to establishment.
Natural regeneration comes in on old-fields in the valleys of
the Southern Appalachian Mountains, developing into fine even-
1
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aged, pure stands which are shortly encroached upon by hemlock
and deciduous species. Before reproduction harvests, hemlocks
and hardwoods must be cut if the white pine type is to be
continued.
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Figure 10—White pine site index curves for the Southern Appalachians at
elevations between 2,000 and 4,000 feet and for stands over 20
years old (from Doolittle and Vimmerstedt, 1960).
Figure 11—Site quality curves for white pine plantations and stands less
than 20 years old in the Southern Appalachians. Age is from
seed, not from planting time (from Vimmerstedt, 1959).
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Excellent regeneration occurs on old-fields because the soil is
warm, hence speeding germination and stimulating root growth.
In contrast, the soil under a dense forest canopy is cool since
little solar radiation reaches the floor. Low soil temperature then
becomes important in ecological succession as white pines are
inhibited by reduced root growth (Adams, 1934).
On old-fields, especially, some concern has been expressed
regarding the deterioration of soils in pure white pine forests.
Decomposition of organic debris is retarded, a mor humus layer
develops, and the soil becomes denser with less fungal and fauna
activity. The organic matter :nitrogen ratio widens, indicative
of diminishing available nitrogen (Griffith, Hartwell, and Shaw,
1930). However, the chances of carrying pure stands for more
than a couple of rotations in the southern United States are so
improbable that the concern is unfounded. Hawley and Lutz
(1943) note the evidence that excellent soil conditions can be
maintained in plantations and that there is no basis for suc-
cessive crops of white pine adversely affecting the soil.
Seed Production
Flowering in the North Carolina sector of the white pine range extends
from late May to mid-June, when yellow staminate cone-like blossoms appear
on new shoots of lower branches and small bright pink ovulate flowers with
purple scale margins occur on the ends of upper shoots. The green conelets
are an inch long at the end of the first season. Maturity is reached at the
end of the second growing season and seeds are disseminated in September.
Jenkins (1961) found soaking white pine seed in gibberellin solutions of
100 to 500 ppm for 24 hours increased germination. The improvement, how-
ever, is not sufficient to warrant treatment of seed for field sowing.
Flowering may be stimulated by fertilization with nitrogen at rates of
150 to 200 pounds of N per acre (Stephens, 1964).
Planting
White pine plantations are usually successful on old-fields,
where hardwoods fail. The relatively favorable tolerance to
shade, rapid height growth after 2 to 3 years—averaging almost
30 inches annually—and the wide variety of sites to which the
species is adapted commend its use. Early planting trials were
at a spacing of 3 x 4 feet, but this produced overstocked stands.
Stocking of this density is appropriate in areas infested with
white pine weevils, as all stems usually are not attacked and a
satisfactory number which escape infestation can be retained
for crop trees.
Conversion to white pine, even where not indigenous, is an
effective way to get a valuable species on poor sites where com-
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mercial cutting of the present stand is not foreseen, particularly
along ridges and in upland areas of dense rhododendron and
mountain laurel (Fig. 12). The species has also given good
initial success under some sassafras trees where favorable soil
conditions probably substitute for inadequate light. Dense stands
of young sassafras, however, should not be underplanted (Minck-
ler, 1941). A plantation in Maryland of 85 percent white pine
and 15 percent yellow-poplar was successful (Fenton and Pfeif-
fer, 1965).
Figure 12—Typical upper-ridge stand suitable for conversion to white pine
under intensive timber management.
Appalachian Valley old-fields may be planted in checkerboard
patterns with white pine and shortleaf pine or yellow-poplar,
using 9 to 25 trees in a square. Early over-topping of the slower-
starting white pine is prevented, yet the risk of serious mortality
by insects, disease, drought, and storm are diminished. The tol-
erance of white pine to shade, in comparison to the intolerance
of shortleaf pine and the sometimes slightly greater tolerance of
yellow-poplar, suggests that random- or row-mixed planting is
unsatisfactory.
Minckler's (1941) chart (Table 3) is valuable for Appala-
chian Valleys and surrounding highlands. Notes to accompany
its use follow:
(1) White pine often fails when slope gradient is over 40 percent. Such areas generally
have shallow soil which becomes droughty after a few days without rain. On southern and
western aspects, this adverse condition is much worse.
1
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(2) Plant on steep southern and western slopes only if partially shaded, as smooth-
bark succulent stems of white pine seedlings are susceptibile to sunscald. In West Virginia,
however, white pine does best when open-grown.'
(3) White pine, as mentioned earlier, does well when planted under light stands of
sassafras, the moderate shade provided reducing desiccation of succulent conifer shoots. White
pine need not be released from sassafras competition.
(4) The species is also interplanted in openings following heavy hardwood harvests on
poor quality sites in West Virginia and, perhaps, elsewhere.
(5) White pines are interplanted in hardwood forests in the Southern Appalachians for
good grouse cover (Morriss, 1954).
(6) When planted in laurel and rhododendron slicks, width of cleared swaths or diameter
of opened spots should bear a relation to brush height. Six-foot openings probably do not
prevent thickets from overtopping and suppressing pines. Width of cleared strips should be
three-fourths of brush height and spot diameters equal to thicket height (Minckler, 1941a).
The rate at which shrubs grow or lean toward an opening depends on the age of the brush
(Figs. 13 and 14) ; hence, prompt planting is essential upon site preparation. In lanes 12 feet
wide, plants are spaced 4 feet apart in two rows, giving 600 trees per acre. Lanes 15 feet
wide carry 500 trees per acre spaced at 5-foot intervals within the rows. Twenty-five percent
clearing is attained with 6-foot spots at 12-foot intervals in rows 12 feet apart; 50 percent
with 6-foot lanes 12 feet apart, center-to-center. The distance between strips and spots, the
arrangement of pines within the openings to obtain a satisfactory number of trees per
acre, and provision for natural pruning will vary for thickets of different heights. For brush
less than 3 feet tall, spot planting is adequate, while lanes are preferred where the canopy
is higher. Either method allows time for pines to get and remain above brush (Wahlenberg
and Doolittle, 1950).
(7) Deer grazing is severe in skid trails, with virtually all seedlings browsed the first
year. Relatively little browse damage occurs to trees planted under brush. The use of deer
repellents may be necessary.
(8) Although light clearing and planting of about 300 pines per acre result in a thin
stand and prolong the brush problem, these trees will produce seed for future reproduction.
At least 500 seedlings per acre and, sometimes, twice this number free-to-grow are desired
to assure full utilization of the site (Wahlenberg and Doolittle, 1950). The minimum clearing
worthwhile is 15 percent; 50 percent permits development of commercial timber.
(9) Heavy machinery is used for large openings, but only on flat or gently-sloping land.
Organic matter and raw humus are mixed with mineral soil and the site thereby improved.
At the same time, bruising and pulling of roots in preparing sites with heavy equipment
retards sprout growth. Two tractor trips on the same path should be avoided as compaction
results, reducing infiltration and consequently increasing runoff.
(10) Careful placing of roots in slits and holes is important, as roots extend in the
direction they lie when planted. Also, rot pathogens may enter tissues that are bruised when
planted. Planting to the proper depth (root collar) is important (Carvell and Kulow, 1964).
(11) Planting stock should be 2 -f 0 or 1 + 1 in colder areas and 1 -j- 0 in warm
locales at lower elevations in the southern part of the range. Certified seed, as they become
available, are recommended.
(12) Spacing trees 6 x 6 to 8 x 8 feet is suggested in open fields and cutover forests. If
white pine weevils become serious in the South, trees should be spaced at 4 x 4 feet. Infested
stems can be cut out when the stand is about 20 feet tall. Planting in clusters at 2 x 2-foot
spacing, with 4 trees to a cluster, and each cluster about 12 feet apart, is suggested
(Allen, 1963).
(13) Competing brush may need to be controlled at intervals as frequent as every 10
years.
(14) White pine growth is poor on dolomite-derived soils and steep shale sites because
of the stiff B horizon. Avoid planting these sites (Minckler, 1943).
(15) Trees in open habitats winter-harden more rapidly than sheltered stems. This sug-
gests that keeping seedlings free of overhead competition may result in stems becoming
resistant to cold damage. Open-grown seedlings also apparently adjust more readily to
climate changes. Parker (1959) found hardening associated with autumnal increases in
raffinose sugar. White pines pass from winter to summer conditions in a week in the spring,
regardless of cover.
'E. H. Tryon, correspondence, and Burton (1964).
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Table 3. Planting Chart1—Recommended Species for the Appalachian Valley and Adjacent Mountain
Regions (Minckler, 1941).
Species and Mixtures Recommended
Aspect
Northerly
slopes3 or
well drained
bottoms
Southerly
slopes or
ridge tops
Soil depth2
The A soil
horizon over
7 inches
The A soil
horizon 5 to
7 inches
The A soil
horizon under
5 inches,
usually eroded
The A soil
horizon over
12 inches
The A soil
horizon 7 to 12
inches
The A soil
horizon under
7 inches
Topographic
position
Lower slopes, well
drained bottoms
and sink holes
Upper slopes
Lower slopes
Upper slopes
All positions
Extreme lower
slopes, coves and
sink holes
Slopes not steeper
than 30 percent
and broad ridge
tops
Slopes over 30
percent steepness
All positions
Desirable soil
condition
A horizon friable.
Upper half of B
horizon friable or
plastic, not stiff.4
Soil well aerated
Same as above
Same as above
A horizon friable
and well aerated.
No special
requirement for
B horizon
No special
requirement
A horizon friable.
Upper half of B
horizon friable or
plastic, not stiff/
Soil well aerated
A horizon friable
and well aerated.
No special
requirement for
B horizon
No special
requirement
No special
requirement
Areas with very
dense briars,
weeds or brush
Yellowpoplar
Black walnut
Yellowpoplar-
black walnut
mixture
A
Yellowpoplar
White pine-
Yellow-poplar
mixture
C
White pine-
Yellow-poplar
mixture
E
5
5
Yellowpoplar
Black walnut
Yellowpoplar-
Black walnut
mixture
I
5
5
5
Areas with
normal vegetative
density or less.
Includes all
broomsedge.
Yellowpoplar
Black walnut
White ash
Shortleaf pine-
Yellowpoplar
mixture
Yellowpoplar-
Black walnut
B mixture
White pine-
Yellowpoplar
mixture
Shortleaf pine-
Yellowpoplar
mixture
D White ash
White pine
White pine-
Yellowpoplar
mixture
White pine-Short-
leaf pine mixture
F
White pine
White pine-Short-
leaf pine mixture
G
Shortleaf pine
H
White pine-
yellowpoplar
mixture
White ash
Shortleaf pine-
Yellowpoplar
mixture
J
White pine
White pine-Short-
leaf pine mixture
Shortleaf pine
Shortleaf pine
L
Shortleaf pine
M
'Start at left side of chart and progressively fit prospective planting site into proper compartments
until recommended species are reached.
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excellent site. Areas long out of cultivation with sheet erosion arrested are superior to recently aban-
doned sites with a similar soil profile.
'Northwest, north, northeast, and east facing slopes.
'The terms friable, plastic, and stiff are commonly used to denote the consistency of soils. Friable
denotes a loose, crumbly, loamy soil easily permeable to air and water. It cannot be molded into an adhe-
sive ball by pressing in the hands, even at high moisture contents. Agriculturists usually consider such a
soil to be in good tilth.
A plastic soil is stickier, less permeable to air and water, and with a larger proportion of the fine
clay particles. It can be molded into a soft, flexible, adhesive ball when wet but tends to be loose when
dry or moderately dry. It is not in any sense a "hardpan" and offers no practical resistance to root
penetration.
A stiff soil has a dense, often hard, consistency and is relatively impermeable to water and air. It
is usually a clay or silty clay, very adhesive when wet and compact when dry. It is often considered a
hardpan or near hardpan and offers considerable resistance to the penetration of roots as well as air
and water.
5 Very dense briars, weeds, or brush almost never occur on these site conditions.
6 West, southwest, south, and southeast facing slopes.
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Intermediate Management
Stand Improvement
White pine trees more than 10 feet tall are usually able to
keep ahead of competing trees after release, but a second treat-
ment may be needed. Trees emerging from a sprout overstory
then remain free and grow rapidly. Removing overtopping hard-
woods results in 17 to 62 percent greater height growth, small
trees showing the most response.
Control of dense stands of mountain laurel, rhododendron,
and wild azalea is necessary to assure an adequately stocked
white pine stand. Ericaceous shrubs grow about 6 feet high in
10 years and to a maximum height of 10 feet within 20 years.
Lateral growth into openings is at a rate of about Va foot per
year (Buell, 1940; Wahlenberg and Doolittle, 1950). Gradual
release of pine in the thickets does reduce the effectiveness of
the cover for protecting birds, especially grouse (Morriss, 1954).
1 I
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Figure 13—The rate of lateral spread of rhododendron and mountain laurel
at various ages (after Wahlenberg and Doolittle, 1950).
Thinning
Natural stands of white pine frequently begin with over
7000 stems per acre. With each thinning diameter growth re-
sponse is prompt, and some height growth reported (Hawley,
1936). Thinnings in 17- and 23-year-old dense plantations im-
prove quality and volume increment markedly in residual trees,
as diameter growth is reduced at about age 20 if the pines are
not released. Wood removed represents a yield of nearly 1/2 cord
!
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Figure 14—Dense rhododendron must be cut for establishment of repro-
duction. Water yields in mountain streams are also increased
thereby.
per acre annually that would have been lost in stagnation. Sub-
sequent thinnings may be prescribed for 10- to 15-year intervals,
decreasing the number of trees to about 300 per acre in 35 years.
Average basal area and diameter of residuals at age 35 should
be about 110 square feet per acre—8 inches dbh, in contrast to
175 square feet per acre and 5V& inches dbh for unthinned stands.
Total volumes do not vary appreciably, but volumes in trees 8
inches dbh and over may be 40 percent greater than in un-
thinned forests. Timely thinnings also double the number of
trees in the dominant and codominant canopies, increase the
height: crown ratio, and, of course, raise basal area growth
(Frothingham, 1941, 1942). By 55 years, then, periodically
thinned stands have stumpage value increased by 50 percent.
Crown :height ratios have further significance in thinning.
Trees with crowns one-half their total heights have a periodic
basal area growth of 10 percent on stems at least 8 inches dbh,
which is double that for trees with crown length :height ratios
of one-fourth. Hence, those with lowest basal area growth, as
indicated by the lowest crown length :total height ratios, are
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removed to favor the more vigorous dominants. This is thinning
from below.
By age 55, where thinned stands have 115 square feet per
acre basal area and crown ratios of 37 percent, unthinned stands
have about 185 square feet and only 30 percent crown ratio. For
the former, spacing averages 17 feet, for the latter 9 feet. Total
volume produced in thinned stands at this age is 90 cords in
contrast to 70 cords per acre in unthinned areas, a gain of 0.4
cord per acre per year (Wahlenberg, 1955) (Table 4 and Fig.
15).
TABLE 4. EFFECT OF SIX THINNINGS ON A PLANTED WHITE PINE STAND IN
THE SOUTHERN APPALACHIAN MOUNTAINS AT AGE 56(AFTER WAHLENBERG. 1955).
Trees per acre Merchantable volume per acre Yield per acre
Pulp-
wood Sawlog Average Basal area Tops of Small Small
size size Both d.b.h. per acre Sawloes Sawlogs trees Total Sawlog trees
MBM Cords
6,578 ' 18.7 59
4,882 12.4 46
1,696 6.3 13
Number — Inches Sq. ft. Cu. ft. —
Thinned 28 124 152 11.8 114.5 2,620 864 3,094
Not thinned 456 100 556 7.8 184.5 1,654 572 2,656
Difference 428 —24 404 4.0 70.0 966 292 438
"
l —
Figure 15—Effect of crown ratio on current rates of growth of three dia-
meter groups of white pines (from Washlenberg, 1955).
Plantings in 1900 at densities as great as 4000 per acre were
reduced by natural causes to only 600 trees by age 46 in un-
thinned areas. One-tenth of these residuals were 11 inches dbh
or larger and the average was 8 inches. Basal area was 220
square feet per acre and volume 84 cords. Thinning from below
reduced basal area to 96 square feet per acre, volume to 36 cords
per acre, and merchantable sawtimber from 7.7 to 3.3 MBM.
Harvesting two-thirds of the trees left the stand with an average
spacing of 15x15 feet (Stevenson, 1946) (Fig. 16). Similar
stands, whether natural or planted, should be thinned to at least
this degree, if not previously treated, by age 45.
I
46 Stephen F. Austin State College
Figure 16—Before (right) and after (left) thinning white pine (from
Stevenson, 1946).
Although sawtimber is cut as early as age 30 in previously
thinned stands, it is after age 45, when trees reserved in earlier
harvests for pulpwood are passing into sawlog size in increasing
numbers, that real benefits from early thinning—at age 20, per-
haps—begin to accrue. Periodically treated stands should have
over 200 sawlog trees by age 55, even where initial spacing was
close, eroded fields were reforested, butt rot occurred, and plant-
ing stock was poor. Six thinnings maintained a relatively con-
stant basal area throughout the intermediate ages of a planta-
tion, but volume growth response is principally on the larger
trees of higher value (Figs. 17 and 18 and Table 5). Site index
for the North Carolina Biltmore plantations discussed here is
about 65, a relatively unproductive locale. Significantly better
responses to thinning are expected on more typical white pine
sites with, possibly, about SI 80.
Where white pine has been planted in mixture with shortleaf
pine, thinning does not result in a greater number of white pines
in the upper crown classes. Apparently, the more tolerant white
pine can compete with shortleaf pine better in dense than in
thinned stands. Ordinarily, however, shortleaf pine will be rele-
gated to intermediate classes when mixed with white pine in
the Southern Appalachian Mountains.
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Figure 17—Basal area of white pine in relation to age during the last 36
years (from Wahlenberg, 1955).
Figure 18—Effect of thinning in increasing the average size of trees during
36 years (from Wahlenberg, 1955).
TABLE 5. GROWTH IN D.B.H. AND IN MERCHANTABLE VOLUME
(PER TREE) OVER A 10-YEAR PERIOD AS REFLECTED BY CROWN
RATIO (AFTER WAHLENBERG, 1955).
Live crown
ratio
Diameter
growth
Volume
growth
Percent Inches Cu. ft.
50
45
40
35
30
25
20
1,9
1.6
1.5
.9
.6
.5
.1
11.6
10.1
7.1
4.8
2.7
0.8
0.3
Thinnings on worn out fields may improve the site through
decomposition of debris and roots, which adds to the amount of
incorporated organic matter. Improved soil conditions, particu-
larly for infertile sites, may follow increases in soil temperature
and soil moisture which occur when part of the vegetation is
removed. Leaves of encroaching hardwoods, following thinning,
mix with pine needles on the ground and because of broad-leaves
being higher in basic nutrients, increase fertility and reduce
acidity (Hawley, 1936).
Summarily, thinning should be from below, removing poor
risk trees and slow growers. Though the "normal" basal area
for white pine is not known, it is suggested that one-fourth be
removed at each cut, provided 90 square feet is retained. First
1
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thinnings should be made by age 20, and crown ratios of more
than 35 percent maintained. Thinning in areas infested with
white pine weevil should be delayed until trees are 20 feet tall,
after which weevil damage is negligible.
Root Grafting
Natural root grafting among white pines has been observed by Bormann
and Graham (1959), the grafted trees behaving in vegetative competition
as organic unions rather than as individual trees. Faster growth after thin-
ning may be due to the larger root systems for supporting less vegetation;
and invasions in openings, made by intermediate harvests, could be retarded
if roots of cut trees are alive and functioning. Intraspecific and self-root
grafting have been found in stands from 15 to 70 years of age and probably
occur in younger and older forests. Unions have been found on wet and
dry sites, mostly among clusters of trees.
Pruning
Pruning favorably influences the quality of white pine trees for lumber
and, depending upon conditions, may reduce diameter growth. Height growth
is not affected. Pruning is essential on weeviled stands for improving form
and quality of sawtimber.
Light pruning which removes 6 to 15 percent of the living whorls on
trees between 16 and 20 years of age, 2 to 7 inches dbh, and 15 to 48 feet
tall, does not reduce diameter growth. Heavier pruning may reduce diameter
growth—removing branches for one-third of the crown height caused a
significant loss of % inch dbh over a 10-year period (Barrett and Downs,
1943; Downs, 1944). As diameter growth is related to the height:crown
length ratio, pruned and unpruned trees should have similar growth rates
if this ratio is equal.
Pruning should not exceed 25 to 30 percent of the total number of living
whorls. Treatment at about age 20 is suggested, with repeat treatments
every 5 years to age 40 and every 10 years thereafter for high quality
lumber. Because only crop trees, between 100 and 200 per acre, are pruned,
this selection delays treatment until stands average 4 to 5 inches dbh. Prun-
ing is most effective on better sites where fast growth enables wounds to
heal rapidly.
Prunings to 17 feet in two operations or a single treatment when
stems are 30 to 35 feet tall are appropriate, but the delay for the latter
method results in a loss in lumber quality for the lower part of the butt
log. However, as trees are 4 to 5 inches dbh by this time, pruning may be
done in conjunction with thinning. The suddeness of one-step pruning on
southern and western slopes sometimes results in sunscald of tender stems.
Smooth, flush cuts are important for rapid healing. Winter pruning
results in only a little bleeding. Although the time required for healing is
related to branch size and tree growth rate, %-inch knots generally heal
in 3 years, 2-inch ones in 5 years (Campbell, 1956).
Westveld (1949) suggests pruning only limbs less than l/2 inch in dia-
meter; and where those over 3 inches must be pruned, coating the wounds
with 1:1 formulation of Bordeaux mixture and linseed oil for protection
against Stereum sanquinolentum.
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Bud-Pruning
Bud-pruning, rubbing off all new laterals except those within 2 feet of
the base each year, is not recommended (Doolittle, 1954). After 4 years,
heights were not affected, but weevil damage was serious, perhaps because
of reduced vigor. Bud-pruned trees develop spindly, crooked boles, but form
might recover. Prolific lateral budding at uppermost whorls following initial
pruning makes several treatments per year necessary.
Watershed Management
White pine forests, indigenous to mountainous areas in the
South, cover lands dedicated to water production. Even where
timber is the principal interest, this species serves well in main-
taining favorable watershed soil conditions. White pine is an
effective replacement species for planting in areas lacking favor-
able reproduction or seed sources of desirable species. Conversion
increases water yields since clearcutting prior to planting and
periodic release are both treatments reducing transpiration de-
mands. Soil moisture may be more rapidly used early in the
growing season but, by the end of the year, these differences
disappear. Cutting dense ericaceous shrubs also increases water
yields and encourages natural regeneration of white pine and
other light-seeded, relatively intolerant species.
While these silvicultural operations are hydrologically bene-
ficial, white pines may, over several rotations, be instrumental
in changing a crumb-mull humus found under hardwoods to less
porous mulls and mor types. Infiltration of rain water through
mor humus is generally slower than for crumb-mull, evidenced
by 7 inches of water seeping into the soil under a cove hardwood
stand within a minute, while 5 minutes were required under a
30-year-old pine stand. The thick mat of needles characterized
by a mor also effectively absorbs water from light storms, hold-
ing it only until evaporated and thus never allowing its use by
plants or percolation to streams. At field capacity, the moisture
content of hardwood litter reaches 135 percent of oven-dry
weight, increasing to 175 percent during a rain and decreasing
to 40 percent 10 days later (Blow, 1955). It is much lower for
pine litter.
While less organic matter is incorporated with the mineral
soil under pines than under hardwoods, the total depth of litter
and unincorporated humus tends to be greater most of the year
in coniferous forests, as one-half to all of the L layer in deciduous
types is decomposed by spring. Thus, with constant litter depth
throughout the year, pine forests continuously provide better
infiltration of rain water into the soil surface (Hewlett, 1958).
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In converting a hardwood site to pine, fire risk is increased
because of the more combustible nature of durable pine needles
than of deciduous foliage.
Injurious Agents
Fire
Fires are very injurious to white pines. Stems not killed out-
right by fire are butt-wounded and soon infected by rot-causing
fungi. Even for controlling brush prior to planting, the uniform-
ity of kill is so poor and the risks of fire escape so great in the
rough topography within the species' range that prescribed burn-
ing is not recommended for site preparation. However, wildfires
which kill shrubs can be used to good advantage if planting is
prompt, as subsequent sprouts are outgrown by pines.
Sunscald
Sunscald injures southern and western sides of trees, par-
ticularly young saplings with smooth bark less than Va inch
thick. Injuries, beginning in the lower 8 feet, are 6 to 30 feet
long and up to 7 inches wide (Huberman, 1943).
Sunscald is not necessarily due to high summer temperatures,
but may be caused either by late afternoon summer tempera-
tures high enough to kill cambial cells or by rapid dropping of
the temperature after sunset in winter. North and east sides of
trees are less susceptible as temperatures do not fluctuate as
much on these faces. Injury occurs after latewood growth is
complete and before earlywood is produced the following spring.
Whether topography and direction of slope influence the occurrence of
sunscald is not ascertained. If they do, regeneration harvests on southern
and western exposures, especially, should be by the shelterwood method, as
gradually opening the forest permits early development of deep, corky bark
layers which, when complete exposure occurs, are fairly immune to sunscald.
Widths of openings in shelterwood harvests should be less than the heights
of residual stems, as holes in the canopy small enough to permit shading
from the south greatly reduce injury. Yet, such openings should be large
enough for good seed distribution. If widths of openings must be wider than
heights of residual stems, strips should run in a NE to SW direction to
minimize exposure to the late afternoon sun. Screens of sunscald-resistant
species, where available, are left on the south and western boundaries of
forests. If not present, white pines with low branches may be retained on
stand borders.
Insects
White pine weevils, potentially serious in the Southern Ap-
palachians, have been observed in the area since the mid-1950's.
Infestations have been rapidly increasing, especially in the
southern zone of the species' range. Earlier absence of the
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insect could be due to immunity of indigenous white pine races,
but is more likely attributed to the absence of young trees in
sufficiently contiguous stands for continuous breeding. Dense
brush in Southern Appalachian stands has also been suggested
as a reason for apparent insect resistance (Wahlenberg and
Doolittle, 1950). Lead arsenate spray applied to leaders is an
effective insecticide, providing 8 years' protection in North Caro-
lina plantations (Wahlenberg, 1955). Water emulsions of 6 per-
cent DDT plus 3 percent sticker in spring or fall reduces weevil
damage (Connola and Smith, 1964).
Pruning all but one branch of the last whorl improves form
of weevil-injured trees. The branch selected for retention should
be vigorous and of average size or somewhat smaller so as to
readily achieve a vertical position. The injured terminal must
be removed at this time (Rhodes, 1963). Minimum growth loss
of 60 to 70 percent of average annual growth should be antici-
pated for each weeviling (Morrow, 1965).
Chermids—aphid-like insects—appear on white pine in the
Southern Appalachians. Pines, in the vicinity of spruce trees
(on which are formed terminal compact galls that look like
cones), are damaged by the chermids' feeding on current growth
and exhibit drooping twigs or dead branch tips. Trees are neither
deformed nor killed, but growth reduction is likely. Infestation
possibilities must be considered when planting white pines in
red spruce forests (SEFES, 1951).
The cone beetle (Conophthoms coniperda) may become de-
structive, as it is in the North (Graber, 1964). Pales weevils
attack seedlings planted in cutover areas. Speers (1958) recom-
mends a 2 percent aldrin solution into which tops are dipped
prior to planting. White pine is also attacked by the southern
pine beetle, the insects frequently "pitched out" by the copious
flow of resin (Smith, 1962).
Diseases
Blister Rust
White pine blister rust, caused by Cronartium ribicola, is not
serious in much of the Southern Appalachian region. In a 1948
survey, rust infected about 8 percent of the trees, reducing their
growth by 33 percent (Doolittle, 1948). The disease is seldom
found at elevations below 3500 feet but then, few natural white
pine stands occur above this zone in the South. Ribes, the alter-
nate hosts, grow only, and are abundant, at higher elevations,
particularly in narrow belts along the main mountain ranges
I
52 Stephen F. Austin State College
(Ball, 1949). As optimum growth of white pine is probably
below this contour, planting is not suggested but, if done, goose-
berries and currants must be eradicated. Stands inadvertantly
established above 3500 feet should be carefully observed at
5-year intervals for signs of infection. Blister rust is more com-
mon on moist sites and in unthinned stands because spore infec-
tion depends upon microclimate, which is more nearly optimum
under these conditions. Thinned stands have higher air tempera-
tures, more air circulation, and lower relative humidity.
Ribes seeds remain viable for many years, until logging or
fire allow excessive germination. Fortunately Ribes seed germi-
nation is associated with hardwood sprouting, the shade of which
suppresses the shrub. Hence, the weed falls off rapidly if second-
growth deciduous forests get a good start.
On Ribes, the first infections in early spring are from aecio-
spores released from cankers on pine. Later the rust spreads
from Ribes to Ribes. Although the rust may spread hundreds of
miles from pines to Ribes, its spread from Ribes to pines is
usually not more than a few hundred feet. Under optimum con-
ditions the rust may spread a mile or more from Ribes to pine.
Conditions are most favorable for germination of spores when
temperatures remain between 50 and 60 degrees F and relative
humidity above 97 percent for 2 days (Miller, Kimmey, and
Fowler, 1959).
The disease first appears 4 to 10 weeks after infection as
small discolored spots on needles. A year later, yellow or orange
discoloration of the bark appears at the base of the infected
needle bundle. The bark swells as the fungus grows. About
August, 2 years after infection, light brown drops exude from
branch swellings. Blisters containing orange-colored spores ap-
pear the next spring, push through the bark where the drops
exuded the previous summer, and aeciospores are carried to
Ribes. This process is repeated annually. After blisters break
and the aeciospores are shed, the bark in the blistered area
darkens, becomes rough, and a spindle-shaped canker develops.
Branches killed by blister rust have copper-colored needles
which remain attached for a year after death. These "flags" in
white pine crowns often indicate cankers are present.
Symptoms of Ribes infection are small, light-colored dots on
the underside of leaves; one to many yellowish to orange spore
pustules on a leaf, depending upon the disease advancement
through the summer; and hair-like structures pushing through
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the spore pustules, forming a brown mat on the underside of
the leaf (Miller, Kimmey, and Fowler, 1959).
Ball (1949) suggested the need for a method to release white
pine and at the same time keep Ribes suppressed. Perhaps larger
white pines can be freed of competition concurrently with main-
tenance of suppressing shade over the gooseberries, or stands
ready for harvest treated by a shelterwood harvest with a fairly
heavy first cut.' But it is more generally believed that Ribes
eradication will continue to be essential.
Treatment with Acti-dione BR (4 percent of cycloheximide)
stops the spread of established cankers in western white pines.
Usefulness of this antibiotic on the eastern species has not been
ascertained. In the West, it is applied in a dilution of 150 ppm
of fuel oil with compressed air sprayers to lower portions of
trunks and proximal ends of branches. The lower one-third of
trees less than 12 feet tall is sprayed, the lower 5 feet of taller
pines. Oil in the solution damages leaders and foliage, thus limit-
ing applications to the lower parts of trees. All of the bark
surfaces in the treated portion must be saturated (Moss, Viche,
and Klomparens, 1960).
Fomes annosus
Fames annosus, a root- and butt-rot fungus which spreads
from infected dead to living roots, builds up with frequent thin-
nings of plantations. The disease seldom occurs in unthinned
plantations, possibly because of the relative scarcity of such
stands for observation or because the disease does not build up
to epidemic and noticeable proportions until stands are more
than 20 years of age, by which time thinning is usually done
(Wahlenberg, 1955). Trees dying in the process of natural thin-
ning use up soluble carbohydrate reserves in roots, leaving dead
tissues—a poor medium for fungus growth in contrast to healthy
roots left following a harvest of living trees. However, F. annosus
does occur in natural stands where previous cutting has taken
place. The disease is potentially serious: a 2-acre plantation first
thinned at age 21 had lost through infection 10 percent of its
residuals within the next 10 years (Boyce, 1959).
Living trees are probably infected through root grafts or
contact with infected stump roots. In a recent study, typical
infections resulted within 12 to 16 months after inoculated root
sections were placed against uninjured roots of 12-year-old white
pines (SEFES, 1959; Boyce, 1962). Average height of the rot in
> E . H. Tryon, correspondence.
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pine butts is 3 to 6 feet. While death of standing trees is notable
when slash pine is attacked by this pathogen, windthrow and
butt rot are more commonly encountered in thinned white pine
plantations (Boyce, 1959).
Creosoting stumps in two stands reduced by one-seventh the
number infected (SEFES, 1960). Stump surfaces are highly
susceptible to infection by the pathogen for only one to three
days after cutting: therefore treatment must be prompt (Cobb
and Schmidt, 1964).
Emergence Tipburn
Emergence tipburn, a needle blight of white pine of unknown
origin, was first described by Dana in 1908 and subsequently by
Toole (1949) and Berry (1961). Growth is reduced and death
sometimes follows. Symptoms include browning of current-years'
needles from their tips, usually in midsummer. The dying ter-
minal halves of the needles are at first reddish-brown and, later,
the dead portions weather and break off. Sometimes the whole
crowns of small trees are affected, but this is not necessarily
true of large trees. In 1961, the disease symptoms became evi-
dent throughout the Southeast within several days. Foliar dwarf-
ing, chlorosis, and stunted shoots may follow needle dieback for
several years, and is accompanied by shriveled or wrinkled bark
and raised pitch pockets. Extensive dying of feeder roots also
occurs. The malady does not seem to have soil or tree-age
preferences. Plantations and naturally occurring stands are af-
fected. Varying degrees of tipburn among susceptible trees and
the absence of symptoms on neighboring stems indicates resis-
tance may be attributed to genetic factors. There is evidence
that the malady is caused by atmospheric conditions, perhaps
excessive ozone—the gas liberated by the operation of electric
motors, S02 given off where coal is burned, or chlorine (Berry,
1964).
The response of the disease to applications of fertilizer, re-
ported in Pennsylvania for white pine with these symptoms, has
not been substantiated in the South, except that vigor may be
improved with pruning and applications together (Berry and
Hepting, 1964).
Other Diseases
Other butt rots, caused by Poly porn s circinatns and P.
schiveinitzii, occur in white pine plantations. P. circinatiiK prob-
ably enters through small dead roots or stubs near stools. It has
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little weakening effect on trees. P. schiveinitzii, however, rots
butts more than it does roots (Hepting and Downs, 1944).
Bifusella linearis, a needle-cast fungus, attacks white pine.
Commonly only 2- and 3-year-old needles exhibit symptoms. The
effects—dieback and defoliation, usually confined to seedlings
and saplings and the lower crowns of larger trees—are of little
consequence. The black fruiting bodies, up to Vi inch long, are
embedded in a conspicuous black crusty material that may extend
the length of the needle (Boyce, 1958).
Nutrition
The nutrition of white pine has received much study in the North, but
little information is available regarding southern conditions.
Should growth reduction be accompanied by chlorosis, shortening and
death of needles, and a decrease in the number of years that needles persist,
a potassium deficiency such as that found on deep sand terraces of glacial
outwash in the Adirondack Mountains is possible (Heiberg and White, 1951;
Walker, 1955, 1956). A bright yellow discoloration of current season's needle
tips, appearing in the fall and affecting upper parts of trees most strongly,
is symptomatic of magnesium deficiency, also as yet undetected in the
South (Stone, 1953).
Animal Destruction
Gray squirrels and white-footed mice are responsible for
consuming white pine seed, the former busy by day and the
latter by night. White-footed mice consume seed in situ and
carry them away to store. Red squirrels apparently ignore dis-
seminated seeds available on the ground, preferring to cache
green cones. Losses might be greatly reduced by protecting cones
with repellents for a brief period prior to the time of seed dis-
persal (Abbott and Dodge, 1961).
Voles also destroy large numbers of white pine seed. Together
with mice, while constituting only one segment of the small
mammal population in the forest, they are capable of consuming
all naturally disseminated seeds (Abbott 1961, 1962). Mourning
doves may consume many seeds on the forest floor, peck at fallen
cones, and extract seed from cones on trees (Abbott, 1966).
Some damage may occur from deer browsing (Horton, 1964).
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SPRUCE-FIR FORESTS
Red spruce, balsam fir, and Fraser fir are important timber species in
the higher reaches of the Southern Appalachian Mountains. Red spruce
comes in at altitudes as low as 4,500 feet, and from there to about
5,000 feet it is mixed with hardwoods and hemlock. At 5,000 feet, fir joins
with spruce to form the dominant canopy and the spruce-fir climax type.
Fraser (or southern balsam) fir alone forms a type at elevations above
6,200 feet in the Great Smoky Mountains (Cain, 1935; Crandall, 1958). In
the mountains of the Virginias, spruce-fir forests occur at elevations as low
as 3,200 feet.' In gaps above 5,000 feet, the conifers may be replaced by
yellow birch and beech. Beech is generally more prolific on drier southern
slopes and level areas of the gaps, while birch occurs most abundantly on
moist northern aspects and steep concave slopes. At high altitudes, mountain
ash is also an important deciduous tree in the coniferous forest.
Balsam fir is limited to the Virginias and Fraser fir to North Carolina
and Tennessee. The two are distinguished only by the cone bracts that are
longer than the cone scales in Fraser fir and shorter than the scales in
balsam fir.2 Red spruce, the more important of the species commercially,
reaches its maximum development in the Southern Appalachians. An analysis
of tree sizes shows those above 10 inches dbh to be principally spruce which
Costing and Billings (1951) recorded to have a maximum age of more than
300 years. The smaller fir stems, in contrast, seldom exceed 150 years.
These coniferous forests produce excellent humus layers for water
absorption and storage and may, therefore, justifiably be managed for
watershed protection, particularly in inaccessible areas. On public lands the
spruce-fir type might best be maintained for its aesthetic value. Ecological
studies reported for the forests of red spruce and Fraser fir include Cain
(1935), Shanks (1954), Costing and Billings (1951), Crandall (1958), and
Mark (1958).
Regeneration
Artificial Regeneration
Initial establishment of red spruce and balsam fir is relatively easy, but
obtaining sustained vigor is not. Failures are particularly notable in the
northern part of the region. Planting burned sites with woods-lifted stock
from nearby areas assures climatic adaptability, but is otherwise not justi-
fied. Claridge (1930) reported that planting wildlings at 8 x 8-foot spacing
provided well-stocked stands with survival exceeding 85 percent. Nursery-
grown 2 + 1 seedlings, however, are recommended for both species. Large
planting stock is recommended, making release less essential (Minckler,
1944). Scalping is of little value. Plantations can be expected to have about
60 percent survival after 11 years, with spruce trees averaging 5 feet and
firs 8 feet tall (Korstian, 1937). Spruce plantings survived better than
Fraser fir in poor rocky sites in West Virginia (Clark, 1954). Planting must
be done immediately after fire in order to preclude hardwood encroachment.
Spruce sites are typically shallow, moist to wet, with organic soils tending
toward podzolization.
'Dr. E. H. Tryon, correspondence.
2A variety (phanerolepis) of balsam fir occurs in West Virginia.
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Pitch pine appears satisfactory as a replacement for spruce and fir
following denuding fires on poorest sites of the lower elevations. Reseeding
with European larch and Norway spruce following fire has also been found
successful, but the future of these species, exotics to the site, has not been
established.
In tests at altitudes above 6,000 feet with Eraser fir, red spruce, red
pine, and Norway spruce, Fraser fir was found to survive best but had the
poorest quality wood (Minckler, 1940). This species is recommended for
watershed protection. The spruces and firs do better than red pine on moist
east slopes, but not on drier southern aspects, because of adequate moisture
on cooler aspects during short droughts which can be serious in areas where
fire has destroyed the organic layer. Red spruce is preferred above 3,500
feet (Morris, 1954). Dalton's (1955) species preferences, based on site char-
acteristics, are given in Table 6.
TABLE 6. RECOMMENDATIONS FOR ARTIFICIAL
REFORESTATION IN THE SPRUCE-FIR REGION OF THE
SOUTHERN APPALACHIANS (FROM I)ALTON, 1955).
Topography and soil conditions Suggested species
Higher drier ridges, characterized by
shallow, dry soils
Lower ridges, characterized by moderately
deep soils but dry conditions
Intermediate, well-drained slopes
Lower slopes and moist coves
Fraser fir
Red pine
Red spruce
Norway spruce
In the northern part of the Southern Appalachian Region, Minckler
(1940a) observed that sites with a heavy carpet of moss and very little
other vegetation are usually associated with poorly drained soils and exhibit
almost uniform plantation failures. Other problem sites are those where
(1) humus has been consumed by fire in rocky areas, leaving insufficient
soil pockets for planting 400 trees per acre; (2) fire cherry, red maple,
sassafras, and associated species are more than 5 feet tall; and (3) ferns,
vines, and shrubs are up to 5 feet tall (Minckler, 1941). In the first situa-
tion, soil restricts the value of the stand, and the object of reforestation is
seed production for future regeneration, rather than timber. In the second
and third situations, where brush is so dense that walking is impossible,
burning and grazing before planting is a possibility. Grazing sheep or cattle
only to the degree that vegetation is kept down should be done as soon as
the cover is green in the spring for 2 to 3 years (Minckler, 1945). In fern,
vine, and low shrub areas, trees must be released the first summer after
planting if cover density is more than 75 percent. Such sites may best be
prescribed burned before planting or direct-seeded in prepared spots 3 feet
in diameter, then mulched and screened (Minckler, 1941). Inaccessibility,
rough terrain, and lack of firebreaks limits prescribed burning. Bracken fern
is not especially damaging to red pine which, therefore, is suggested as a
replacement on such sites.
Direct seeding of spruce has been suggested because of the
benefits of natural rooting in contrast to the inferior root systems
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of planted stock. However, the technique fails unless seedlings
are mulched, to avoid frost-heaving, and screened (Minckler,
1945; Clark, 1954). Survival of fir was improved by planting
seeds in osmo paper cups, screening, and fertilizing with a com-
plete formulation. Spruce survival was not improved by this
treatment. Direct seeding appears more sensitive to weather
than does planting.
Grassy Balds
Considerable interest has been exhibited in afforesting grassy balds of
the highlands. Afforestation assumes that these areas of naturally occurring
treeless vegetation on well-drained sites below the climatic tree line in a
predominantly forested region have never supported stands.
Transplants of 3- to 5-year-old spruce and fir seedlings 3 to 8 inches
tall from adjacent woodlands are satisfactory for stocking balds, provided
the plantations are fenced to exclude livestock, deer, and bears. Deer appear
to have a greater affinity for fir than for spruce. Roan Mountain, on the
Tennessee-North Carolina line, has forests in which about 70 percent of
both species were alive 12 years after fencing, in contrast to less than 30
percent in unfenced areas. Protected seedlings were twice as tall (6 feet)
in 12 years as those unfenced (Brown, 1953). In addition to fencing, shield-
ing from wind is recommended. Where protected from prevailing winter
winds, growth as well as survival is better than on exposed balds.
Christmas Trees
The Christmas tree market has possibilities of expanding in
the southern states. No species are more universally received for
Yule use than fir and spruce. Spacing at 10 x 10 feet, cultivation,
and shaping by pruning are desirable. Lacking specific soil or
foliar analysis data, annual applications of fertilizer at rates of
about y.> ton per acre of 10-10-10 or its equivalent, applied in
circular bands around individual trees, will enable foliage to
maintain favorable color (NPFI, 1958). As tree growth is some-
times stimulated by supplemental nutrients only if soil moisture
is adequate, high-value Christmas trees will probably warrant
use of portable irrigation equipment to enable their passing
safely through periods of drought.
Natural Regeneration
Selection cutting of individuals or very small groups (1/40-
acre) is recommended, as this system begins to prepare for
regeneration when the stands are about age 60, taking one-third
of the volume. The balance is equally divided between two sub-
sequent cuts spaced at 20-year intervals. Selection-harvest cuts
are not successful before trees are 40 years of age, for until that
time spruce trees have borne little seed. Seeds of both species are
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produced thereafter to advanced age, enabling good reproduc-
tion establishment in openings (Korstian, 1937). Mice and voles
reject fir seeds but relish spruce seeds; this preference may be
a significant factor in species composition of spruce-fir forests
(Abbot, 1962).
However, it is more difficult for red spruce than for southern
balsam fir reproduction to become established, partly because the
former is more shallow-rooted. These shallow roots are readily
killed by desiccation as the surface layer of moss and peat dries
out following cutting and entrance of the sun's rays.
If no advance reproduction is present, the shelterwood tech-
nique is also satisfactory, exposing a mineral seedbed to provide
good germination conditions and controlling windthrow. Yet,
greater volumes are removed with each cut than is possible with
the selection system. Up to one-half of the volume is removed
with the initial harvest, the balance taken 10 years later, pro-
vided restocking is adequate. Long delays for seedling establish-
ment are conceivable, but not probable.
Partial cuts are desirable for maintaining a moist forest
floor and thus reducing the fire hazard. Crown cover should be
maintained at 60 to 70 percent throughout most of the rotation.
Because most of the volume is in larger trees, taking 30 percent
of the crown cover will take a much greater percentage of volume.
Long, dense, pointed crowns indicate thrifty, rapid-growing
spruce which should be carried at least until the next cycle—
up to 25 years. In addition to harvesting the fir and spruce
unlikely to survive the cycle, yellow birch and other hardwoods
should be removed with each cutting in order to release spruce.
If advance reproduction is adequate, and several years old,
more than 30 percent of the crown cover may be removed as the
new growth will quickly provide sufficient shade for holding
undesirable hardwoods in check.
Clearcutting is apropos if at least 500 seedlings per acre
are established (Hatcher, 1964).
Clearcutting in blocks may also be necessary to reimburse
the cost of road construction into inaccessible areas. Natural
regeneration then depends upon seed from forest walls unless
advance reproduction is present.
Seedfall
Korstian (1937) developed a formula for determining dis-
tance of travel for wind-disseminated spruce seeds at various
heights:
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D = Sh (1.47v)
where D = distance in feet which seed will travel hori-
zontally,
S = number of seconds required for seed to fall
from a height of h on a tree,
and v = velocity of the prevailing wind in miles per
hour.
Spruce seed falls at a rate of 4 feet per second in still air. The
constant 1.47 is derived from the fact that wind with a 1 mph
velocity blows 1.47 feet per second. Thus, from a height of 50
feet, with wind speed of 5 mph, 90 percent of the seeds dispersed
fall within 1200 feet and 50 percent within 1000 feet of seed
trees. Minckler (1940a) stated that solid blocks of spruce cannot
be expected to adequately regenerate bare areas more than 10
chains away with more than 100 seedlings per acre in clearings
made by fire. He, therefore, considered planting to be essential
on many areas.
After Establishment
Control of undesirable hardwoods is essential in spruce plan-
tations. In Minckler's (1941) study, 60 percent of the seedlings
were overtopped. The difference between height growth of seed-
dlings in the open and those with competition for light from the
sides is not appreciable, but recuperation after release from sup-
pression is good. Response to release may take several years;
thus, with weed trees forming the overtopping canopy, stand-
improvement liberation cuts are required in June or July after
planting and in the third and fifth growing season.
Stand-improvement cleanings are necessary in intermediate
management of spruce-fir forests, but these treatments can be
safely delayed for several years after thinning, by which time
decisions may be readily made as to which weed trees are menac-
ing advanced growth.
Thinnings are difficult to justify in the typically inaccessible
spruce-fir forests of the Southern Appalachian Mountains, except
in old-fields. For such sites, low thinnings should be prescribed,
removing about 20 percent of the basal area in 10- to 15-year
cycles. If such thinnings are made early, growth of trees is
greatly stimulated (Snow, 1938).
Injurious Agents
Fire
Spruce-fir forests are easily destroyed by fire, and after such
catastrophes are followed by yellow birch and fire cherry. Sweet
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birch and pin cherry also encroach, especially on the deeper,
better-drained soils, and blackberries and ferns take over many
sites. Even after twenty years of protection, only an occasional
conifer is encountered in areas formerly occupied by the type
but destroyed by fire. While invasion of merchantable hard-
woods, like yellow birch, may be satisfactory on the better moist
sites, inferior species usually predominate on the thin rocky soils
of dry sites at high elevations.
In the past, even residual seed-bearing trees have been de-
stroyed by fires that accompanied logging. Rehabilitation of these
sites requires 500 to 1,000 years—going through the successional
cycle of brush, birch, and red maple before the coniferous type is
naturally reestablished (Minckler, 1944). Fire destroys the moss
and peat on the forest floor to a depth exceeding 2 feet, conse-
quently seeds stored in the humus are lost. Soil destruction on
the ridges is said to be so serious that entire root systems are
exposed after fire to a depth of 1 foot below the original ground
level (Minckler, 1940a). Rapid drying of the surface mineral
soil follows.
Windthrow
Eraser fir is particularly susceptible to windthrow at higher
altitudes where soils are shallow. Large areas are felled in single
storms. However, reproduction usually has been established
before such catastrophes occur, and the young trees rapidly
develop into evenaged stands. Only occasionally are individuals
uprooted in spruce-fir and pure spruce forests at lower altitudes.
In the North, windthrow of these species is attributed to a dense,
compact, and virtually impermeable soil zone, occurring between
12 and 18 inches below the surface of the mineral soil. With
bulk densities above 1.50, it is impervious to root penetration
except along occasional minute cracks, and its presence produces
a perched water table at varying times and for varying periods
of the year (McLintock, 1957).
Insects and Disease
The balsam wooly aphid is killing Eraser fir at an accelerated
rate, especially in the Mt. Mitchell area of North Carolina. The
remainder of the firs are seriously threatened. Attacks, made on
living tissue beneath the surface of the bark on terminal and
lateral branches below 15 feet, are most damaging to trees on
low-lying waterlogged soils which are killed within several
years. Principal evidence of attack is the white wax "wool" of
the aphid (SEFES, 1959, 1960). Other evidence is the com-
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pression-like wood of the growth rings. Girdling and felling are
not entirely effective as controls, although populations are
greatly reduced. Apparently aphid-infested tops serve as an
insect source for uninfected areas, and high populations are
encouraged by mild winters. Predators have been introduced
from Germany and Australia to aid in biologic control (Amman,
1961). A single application of y&% benzene hexachloride water
emulsion controls the insect for 2 years (Amman and Speers,
1965; Smith, 1964).
Other insects which do damage include the four-eyed spruce
beetle (Pierson, 1927). Spruce budworm and European spruce
sawfly attacks are so far relegated to the northeastern United
States.
Top, brown butt, and white-string rots occur (Spaulding and
Hansbrough, 1944).
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ATLANTIC WHITE-CEDAR
Atlantic white-cedar, a pioneer community on open peat soils,
occurs in a narrow belt along the coasts of the South except the
Florida peninsula and from Mississippi westward. It seldom
grows at elevations exceeding 100 feet and more than 130 miles
inland. The Atlantic white-cedar type generally occurs pure, or
almost so, and matures at about 80 years of age. The high value
of the wood warrants intensive management, especially in south-
ern New Jersey, Virginia, North Carolina, and west Florida. The
wood is so durable that during the last century logs were
"mined" from under many years' accretions of peat that buried
them (Little, 1959). The type once covered large tracts in the
North Carolina pocosin area, as evidenced by the abundance
of cedar logs in the debris of forests presently in pond pine.
Sites
White-cedar swamps, or glades, are generally acid and usually have
fresh water standing above ground level, especially during winter and
spring. Stagnant water swamps, in contrast, are not white-cedar sites and
should be managed for hardwoods.
White-cedar is usually confined to areas of swamp peat overlying sandy
subsoils, but may grow on sandy soils in the absence of peat. As the amount
of silt and clay in the subsoil increases, hardwoods and cypress are more
likely to prevail. In the Dismal Swamp of Virginia and in North Carolina,
cedar glades are found on poorly drained, sandy soils adjacent to pocosins
or shrub-bogs high in organic matter (Korstian, 1924). Thus, unlike pines,
white-cedar appears tolerant of chemically reduced soil conditions.
Sometimes the mineral soil is buried below debris deposited over many
decades. Where fire has been excluded, the acid peat may be more than 20
feet deep, with pH between 3.5 and 5.5. Only the temporary or subclimax
position in ecological succession suggests why white-cedar stands are
neither more common nor extensive, considering the vast acreages of peat
along the southern coasts within the species' range.
Reproduction of Atlantic white-cedar follows clear-cuttings or fires
that crown when the swamp is under water. Seeds are safe in the peat and
germinate upon subsidence of water. Peat, sphagnum moss, and mineral
soil are all satisfactory seedbeds if moisture is sufficient, but pine needle
litter and hardwood leaves must be removed for seed germination. Seeds
germinate on old cedar logs buried in the litter.
Site Index and Growth
Site indexes vary from about 45 to 75. Height growth remains steady
until 40 or 50 years of age, and then declines until it practically ceases at
100 years. Diameter growth rate, in contrast, does not subside during the
second half-century. Although little lumber is produced during the first 40
years on the usual New Jersey sites, long, clear, straight boles with litt'e
taper develop to provide high-quality timber at maturity. On SI 70 land in
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North Carolina, yields of 29 MBM are reported at 50 years (Korstian and
Brush, 1931). Poor sites produce trees which in 50 years are merchantable
for small products requiring rot-resistance. On SI 40 land, a 60-year-old
stand may have 1700 stems per acre, yielding about 35 cords. The same age
stand on SI 70 land with much fewer trees may yield 43 MBM. At 70 years
on SI 70, 350 trees per acre yield 110 cords; and at 100 years, the yield is
over 70 MBM (Korstian and Brush, 1931).
Regeneration
Artificial Regeneration
Delayed germination is common; half the seeds of any Atlantic white-
cedar crop remain dormant the first year after dissemination. More than
2 million dormant seeds per acre have been found in the surface 3 inches
of the forest floor under mature stands, some of which may have originated
from crops several years earlier. Hence, Atlantic white-cedar can be arti-
ficially reproduced by using the upper part of the forest floor from mature
stands as a seed source. One bushel of surface material is adequate for 20
spots, averaging 6 seedlings per spot. Sowing is done between growing
seasons. Light, probably providing heat, is necessary, but seeds sprout sat-
isfactorily under hardwood foliage if at least 16 percent of full sunlight
penetrates the canopy. Some germination occurs in completely shaded sites
(Korstian, 1924; Little, 1950, 1959).
Successful establishment requires adequate moisture within reach of
the short taproots arising from the small seeds. Because of their low starch
content, favorable light and soil moisture are especially essential. Good re-
generation occurs on drained peat, but uncontrolled drainage in organic soils
may lower water tables to critical levels. Mortality of planted white-cedars
is often high because of flooding and air pockets around roots when water
subsides. However, excellent survival has been obtained on drained sites.
Planting in the upper Mississippi River region is not recommended (Steaven-
son and Dodge, 1942).
Natural Regeneration
Clearcutting, in 5- to 10-acre blocks or successive strips, is necessary
for natural regeneration, as (1) partial cuttings result in windthrow occa-
sioned by the shallow-rooted nature of the species and (2) where white-cedar
is selectively or shelterwood harvested, hardwood encroachment makes regen-
eration difficult without expensive supplemental measures. Even with clear-
cutting, shrubs, vines, and hardwoods may capture much area unless white-
cedar reproduction is favored by reducing dense accumulations of slash and
by controlling competing vegetation and deer browsing.
Near the coast, occasional stands, principally hardwoods, are killed by
salt water brought in by storm tides, but some of these are replaced by pure
white-cedar (Little, 1950). The type then remains free of competitors until
past middle age when an understory of bay, magnolia, holly, and even the
relatively shade-intolerant loblolly pine encroaches. However, where loblolly
pines grow with white-cedars, they are usually overstory trees, starting
with the white-cedars on clearcut or burned sites.
Atlantic White-Cedar
Figure 19—A typical dense stand of Atlantic white-cedar showing the
scarcity of hardwoods, shrubs, and white-cedar reproduction
(from Little, 1959; USFS photo).
Figure 20—A stand of white-cedar that had been thinned 18 years ago.
Note the understory of hardwoods and shrubs that has devel-
oped. Compare this understory with that of the dense stand in
Figure 19.
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Seeds
Seedlings at the rate of 2.5 million per acre germinated from seed in
the top inch of peat under one mature stand, and another 1% million were
found in the 1- to 2-inch level (Korstian, 1924). Over 8 million seeds per
acre per year were disseminated for 2 consecutive years from a mature
stand (Little, 1959). Dominant trees in dense stands produce as much seed
as open-grown individuals of the same size, but small trees in dense stands
are less productive than open-grown ones. Stems above 5 inches dbh produce
more than 4000 cones per tree, stems between 3 and 4 inches 1000 to 3000,
and seedlings less than 7 feet tall relatively few. However, as many as 64
cones have been produced by 3-year-old seedlings only 1 foot tall (Little,
1959). Ordinarily seeds are produced every year and cones require a year
to mature.
Seeds are disseminated in fall and winter: in one test 60 percent fell
by December 15. Cones open when dry and close again when rewetted by
rains of at least % inch. With a 5-mile wind, theoretically, seeds from a
50-foot tree in the open can be carried 600 feet, but in dense woods most
seeds fall within the stand or no farther than a chain from the edge. Three-
fourths of the seeds of open-grown trees are likely to be dispersed on the
leeward side. Some seeds are disseminated by water. Viability varies greatly,
at least from 8 to 90 percent. Apparently very little seed is consumed by
birds or rodents.
Fruiting of Atlantic white-cedar appears to be stimulated in seed pro-
duction areas. Bumper crops in South Carolina occurred the third and fourth
years after releasing seed trees (Harkin, 1957).
Fire
Fire is an important problem in the management of Atlantic white-cedar
as stands of all ages are readily destroyed. A second burn before there is
time for a new stand to replenish the supply of seed stored in the forest
floor generally eliminates the type. Severe fires when swamps are dry con-
sume peat with the seed stored in it. Fire may also eliminate most other
woody growth and set the stage back to a quaking bog or to open water.
Light surface fires can eliminate white-cedar from mixed stands because of
the more rapid growth of hardwood sprouts, especially in areas of large
deer populations. The absence of charcoal in the upper layers of peat and
charred peat on the ground surface denote the lapse of considerable time
since a severe fire occurred.
Fire can be helpful in the silviculture of the Atlantic white-cedar type
which frequently comes in as pure stands after burning, provided seeds are
available. If protected beyond the rotation age, the type is followed by a
bog climax of broadleaf plants: swampbay, sweetbay, myrtle, dahoon, swamp
cyrilla or swamp iron wood, red maple, and blackgum (Buell and Cain, 1943).
However, prescribed burning to eradicate these hardwoods in reconversion
to white-cedar is not recommended as fires burning in the organic soil suf-
ficiently deep to kill dormant buds from which sprouts arise will also con-
sume seeds stored in the peat.
Fire should be prescribed only to reduce dense accumulations of slash
and thus prepare favorable seedbeds. For controlling competing vegetation,
the use of chemicals through injectors, mist blowers, or aerial applications
is preferred.
I
Atlantic White-Cedar 67
Intermediate Management
Thinning
Commercial thinnings are difficult to justify because of the low pro-
ductivity of the glades where dense stands occur. In New Jersey, on SI 45
areas, neither diameter nor height growth of crop trees appeared appreciably
improved by thinning (Bamford and Little, 1960). Thinning from below,
however, has provided diameter response in dense, pure, thrifty stands on
moist, well-drained sites close to branches and streams. The suppressed and
intermediate stems removed were between 30 and 45 years old, but the data
were too premature for conclusive evaluation (Cottrell, 1930).
Thinning stands between 35 and 65 years of age to about one-half of
former stocking has reduced mortality to 4 percent in contrast to 40 percent
on unthinned plots (Moore and Waldron, 1940). However, unless salvage of
expected mortality is profitable and control of hardwoods is anticipated,
thinnings should not be undertaken since they encourage establishment of
dense understories of shrubs and hardwoods (Bamford and Little, 1960).
Low thinning avoids windthrow. When thinning from above—taking domi-
nants and codominants—untreated strips of timber must be retained on
windward sides of stands. Bamford and Little believe that crown thinnings
in reproduction stands would be effective, if made when trees are about
10 feet tall and so applied as to favor 700 dominant stems per acre. Enough
small trees would need to be left for trainers and to prevent encroachment
of hardwoods.
Vegetative Competition
Smilax occurs in clumps in its initial encroachment, possibly arising
from seeds in bear and bird droppings. In the Southeast, it is the severest
competitor of the young and medium-aged forest. Great masses of vines
weigh down tree tops and break trunks which later appear deformed. Eradi-
cation is essential.
Hardwoods get an early start in white-cedar stands, increasing in vigor
as cedar growth rate begins to decline, at about age 60, and the canopy thins.
White-cedar competes well with gray birch, pitch pine, and other associated
species intolerant to shade. Red maple, blackgum, sweetbay, and hardwoods
of greater tolerance form the climax type on swamp sites (Little, 1959), a
plausible reason why white-cedar does not occur more extensively. Cedar
reproduction overtops moderately dense shrubs although the shoots are of
poor vigor and as slender as grass. Control of weed stems overtopping crop
trees is required for maintaining adequate growth.
Pruning
In closed stands, lower branches die early but persist for
many years, probably due to the rot resistance of the wood. After
branches fall, long, clear, straight boles with little taper below
the crown result.
While not important in preventing fungi entrance into
stems, early pruning may be justified for clear lumber produc-
tion, very little of which is otherwise formed during the first
40 years.
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Drainage
Drainage is difficult to prescribe for white-cedar stands, as microrelief
of swamps greatly affects seedling establishment. In many areas, water-
standing on the surface prohibits germination in the hollows; while on peat
hummocks above the usual water table, germination and growth are good.
On these hummocks, however, seedlings may die during droughts of short
duration. The smaller the seedlings, the greater the chance of mortality
from either drowning or drought (Little, 1959). Trees above seedling size
have responded favorably to drainage in North Carolina pocosins; and under
drained conditions, conversion of pond pine forests to this type may be
desirable (Graham and Rebuck, 1958).
Biologic Pests
Pests of the Atlantic white-cedar type include the white-
tailed deer, cottontail rabbits, and meadow mice. Deer prefer
foliage and twigs for winter browse; rabbits and mice feed on
seedlings which, if severely and repeatedly browsed, develop
multiple stems through layering (Little, 1959). As glade thickets
provide excellent cover for wild-life, the type is suggested for
integrated silviculture and game management. But fencing of
newly established stands may be necessary to avoid complete
destruction by deer browsing.
Atlantic white-cedars are notably free of fungi and insect
attacks. Keithia chamaecyparissi and Lophodermium juniperi-
num infect foliage, but do no serious damage. Gymnosporangium
ellisii causes spherical swelling of the bole or branch and broom-
like foliage; but it, too, is not a serious pathogen (Little, 1959).
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Pure eastern redcedar stands are prominent in the Ozark
Highlands of Arkansas and the glades of the Nashville Basin in
central Tennessee. The Cedar Brakes of central Texas are com-
posed of closely related species—Ashe and Pinchot junipers
(Fig. 21). Redcedar is, of course, not limited to these areas and
occurs in the dominant canopy and in the understory of almost
every southern forest type.
The tree grows slowly—often requiring over 100 years—as in
a virgin stand—to reach a dbh of 16 inches and a height of 70
feet (Smith, 1965). Fast-growing horticultural forms, of which
there are over 30, have been developed; from these, "escapes"
may appear in the forests.
Ecology
Fire Influences
The frequency and distribution of eastern redcedar is largely governed
by fire, heat from a single surface fire easily killing mature trees. Even the
coolest burns will cook the cambium under the thin bark which may not
exceed 0.3 inch in thickness (Arend, 1948). Every First Class Scout knows
that redcedar bark is so flammable and easily ignited that it serves as
excellent tinder for fire building with flint and steel.
On rough, stony land with shallow soils—the poorest sites—redcedar
escapes fire injury because ground vegetation is too scarce to supply adequate
fuel. Litter under cedars is not highly flammable, as it quickly absorbs
moisture upon falling and readily rots. Thus, increasing the abundance of
redcedar on these sites reduces the risk of fires starting and spreading.
Complete exclusion of fire is essential and protection therefrom encourages
redcedar reproduction establishment.
Figure 21—The Cedar Brakes of Central Texas.
{Texas Forest Service photo).
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A fibrous, though shallow, root system enables redcedar to absorb suffi-
cient moisture and nutrients for sustenance on the driest sites, where other
trees cannot exist, and hence provides a high degree of drought resistance.
However, growth is best on well-drained alluvial soils and uplands with at
least 2 feet of soil. Under Ozark conditions, if redcedar is absent on such
sites, it is because of hardwood crowding and fire (Arend, 1948).
Role in Succession
Eastern redcedar is often a pioneer tree in ecologic succession. This
is especially true for the Cumberland Plateau of eastern Tennessee where
soils are derived from both limestone and shale. There, the species follows
broomsedge and is associated with a number of shrubby trees, including
redbud, dogwood, hawthorns, and persimmon. Redcedar is essentially a helio-
phyte, requiring much full sunlight. This is recognized by the thick foliage
on the periphery of the crown or on the sunny side; and by the absence of
foliage beneath the canopy, on the shady side, or when the tree grows in
dense shade. Young trees are more shade-tolerant than old ones.
In rolling glades eastern redcedar most frequently occupies south-facing
slopes, leaving north-facing sites to a slightly less xeric type, such as scrub
oak-black oak-hickory, or to a mesic white oak-red maple-sugar maple asso-
ciation. Glade communities also develop from hardwood stands as the deci-
duous trees are removed from the overstory and the formerly suppressed
redcedar is exposed to more sunlight. Shallow soils are taken over by red-
cedar quicker than are rich deep soils, as most hardwoods, particularly many
oaks, are too demanding for soil moisture to enable sustained presence on
shallow soils. Hence, the deciduous species pass out early. The permanent
wilting point is reached sooner in shallow than in deep soils of equivalent
texture. Eastern redcedar occurs more frequently on fine-textured soils than
on those of coarse texture, possibly because sandy soils are usually drier.
However, because of its drought hardiness, the species is common in granitic
soils and outcrops in many areas.
Tennessee Glades
While the 300 square miles of cedar glades occupy but 5 percent of the
Nashville Basin and its surrounding highland rims, they were once important
forest formations. At present, however, these stands are of negligible value.
The glades, with shallow soil overlying horizontal limestone rock, are sur-
rounded by areas of deep soil which once supported luxurious mixed meso-
phytic forests.
Redcedars usually follow herbs in the successional pattern and are
accompanied by bryophytes and shrubs. Quarterman (1950) observed red-
cedar seeds germinating in the cracks and sink holes of soft limestones.
These depressions and vertical fissures afford considerable subterranean
drainage and, when filled with soil, form characteristic alternating strips
of exposed rock and soil. As the crevices widen and fill with soil, elm and
hackberry enter the plant community as the first woody dominants in the
Tennessee Cedar Glades following agricultural abandonment, a position these
species do not often assume elsewhere. Seeds of the former are dispersed
by wind, the latter by birds. By the 15th year after hardwood invasion, the
woods begin to open and broomsedge enters as the dominant herbaceous
layer. After 25 years, the climax oak-hickory type becomes established in the
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understory. Redcedars may enter the community at these later stages of
succession as well as being the initial woody plant in ecological evolution.
Alkaline Soil Concept
A popular concept is that eastern redcedar has an affinity for alkaline
soils. While there is much evidence of the influence of the species on pH, the
converse effect is insufficient to limit distribution of the type. Hence, there
is a relationship of the occurrence of the species in, but not in the preference
for, limestone areas. Indeed, redcedar is frequently the earliest invader on
acidic old-fields, occurring on soils with pH as low as 4.7 (Arend, 1948;
Read and Walker, 1950). It grows well where limestone and alkaline shales
are the soil parent materials as well as where thin surface soils are very
acid due to leaching of carbonates; yet, in the latter case, the roots also
grow in direct contact with the underlying alkaline limestones.
Quarterman (1950) found the mineral content of soil was not a primary
factor in controlling effect of glade rock upon vegetation. In vast open areas
in Tennessee, where dolomitic (magnesium limestone) rock underlies a thin
soil mantle, grasses provide the cover. Surrounding these openings, how-
ever, are redcedar woods on less calcareous soils.
That this species is influential in increasing the calcium content of
surface soils and consequently raising pH has been substantiated by Read
and Walker (1950) and Arend (1950). In the Ozarks, pH of the surface soil
under redcedar canopies is about 1 point higher than in the open due to the
leaching of the high concentration of calcium oxide from redcedar litter.
Broadfoot (1951, 1951a) also found about 1 pH point difference in
newly developed Al horizons of the soil under a 15- to 20-year-old stand in
contrast with herbaceous cover of lespedeza, white clover, bluestems, broom-
sedge, and Bermuda grass. Available calcium under the redcedar was twice
as much as elsewhere. Assuming complete decomposition of litter, the relative
acid-neutralizing power per unit of redcedar litter is twice that of a legume
cover, five times that of loblolly pine litter, and six times that of the organic
debris remaining from the decomposition of bluestem grass. (Cedar foliage
is also rich in nitrogen.) Juniper litter composition is similarly contrasted
with that from hardwoods and pines in the Piedmont (Coile, 1933). The
influence of cedar on the upper part of the mineral soil may be related
to withdrawal by the roots of soluble substances at lower soil zones, as pH
at a depth of 6 inches was observed to be lower than under other species.
Spurr (1940) found ground juniper lacking in the ability to influence pH
toward an alkaline reaction.
Limestone soils on which the redcedar type occurs are generally shallow.
These shallow soils are alkaline, whereas deeper soils from the same parent
material have surface layers that are more severely leached and, therefore,
acidic while the subsoils are usually alkaline. Cedar glades in Tennessee
are not restricted to limestone areas since the entire Central Basin is cal-
careous; but, rather, stratigraphy of rocks influences plant communities by
controlling drainage. Only plants able to endure spring saturation and
autumn droughts and which, therefore, are not competing with mesic species
survive (Quarterman, 1950). The type frequently is present where fires have
been excluded for lack of fuel, especially on calcareous sites in which decom-
position of organic matter and incorporation into the mineral soil is rapid
because of abundant soil fauna and flora.
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Site Amelioration
In addition to redcedar's influencing pH and soil calcium con-
tent, the species favorably affects soil physical properties. In
north Mississippi, a new Al develops to a depth of 2 inches in
restocked old-fields. The new surface horizon under the trees
has more large holes for water infiltration and percolation than
adjacent herbaceous cover. In the South Carolina Piedmont, pore
volume is 3-fold and permeability 20 times that of sites adjacent
to redcedar (SEFES, 1949). Organic matter is 5 percent in con-
trast to 21/2 percent under herbaceous cover, amounting to a
difference of 3 tons of litter per acre (Broadfoot, 1951, 1951a).
The influence of the species upon available calcium, pH, porosity,
volume weight, and organic matter content in the surface soil
is given in Table 7.
TABLE 7. LITTER AND SOIL PROPERTIES OF SURFACE TWO
INCHES UNDER EASTERN REDCEDAR AND ADJACENT NATIVE
HERBACEOUS COVER (AFTER BROADFOOT, 1951a).
Redcedar vs. herbaceous cover
Soil and litter
property
LITTER
Dry weight
Nitrogen
Calcium
Excess base
SOIL
Organic matter
Exchangeable calcium . . . .
Depth of new Al
Water transmission rate . .
Total pore space
Small pores .
Large pores
Moisture at sampling time
Unit of
measurement
Tons per acre . . .
Pet by wt
Pet. by wt . . . .
M.e. per 100 gm.
Pet. by wt
M.e. per 100 gm.
Inches
Inches per hr. . . .
Pet. by vol
Pet by vol. . .
Pet. by vol
Pet by vol
Ked-
cedar
. 3.62
1.24
. 4.02
.327.6
5.34
6.8
. 14.10
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. 3.32
. 1.16
. 56.4
39.9
. 16.5
. 34.9
Herbaceous
0.55
1.12
.77
141.9
3.17
5.7
6.54
1.32
.59
1.32
50.2
40.6
9.6
39.4
MDS'
**
**
**
**
*
*
*
**
**
**
*
'MDS = Mean difference significance
•Significant (p < O.OB)
"Highly significant (p. < 0.01)
Cover Type Potential for Forestry
An Ozark highland plantation established in 1902 provides
valuable data on the growth potential for eastern redcedar in
that area. The stand was planted at a spacing of 6 x 6 feet—1200
seedlings per acre pulled from a nearby glade—on a fine sandy
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loam soil derived from sandstone and limestone. Canopies closed
in 4 years, and by age 11 the plantation provided several hundred
posts. Most mortality was in the initial year. At 44 years, with
85 percent survival, 1000 stems per acre and one-third of the
trees dominant, stand data were:
average dbh of dominants
average height of dominants
average merchantable height
of dominants
total basal area
total volume
merchantable volume
Total posts
6.6 inches
42 feet
32 feet
163 sq. ft. per acre
3.1 M cu. ft.
2.8 M cu. ft.
5,866 per acre
Overtopped trees averaged one-half the diameter of the domi-
nants and only 9 feet of merchantable height. A fence post
potential of between 25 and 60 per acre per year in stands prop-
erly managed is suggested by Koen (1948).
Eastern redcedar in north-central Mississippi will on occa-
sion outgrow loblolly pine, exceeding an average of 1 foot per
year for the first 15 years and reaching 4 inches dbh. It is rec-
ommended for site rehabilitation in the eroded loess soils of the
area (Broadfoot, 1951).
Depth of soil is the principal site factor affecting growth and
character of natural stands on upland soils. Where soil is less
than 12 inches deep, redcedar seldom grows taller than 30 feet
and can be managed only for fence post crops. Deeper soils—
1 to 2 feet—produce trees averaging 35 feet with one or two
8-foot sawlogs, while trees growing in alluvial soil more than
2 feet deep average 55 feet tall at 50 years. Most of the soils in
which redcedar occurs in the Ozark country—even those derived
from limestone—are less than 20 inches deep, so high site stands
are not common (Arend, 1950; Arend and Collins, 1948). Deter-
mining ages of redcedars accurately may be difficult as initiation
of cambial activity results in false growth rings (Clock, 1951).
Regeneration
Natural Regeneration
Some seeds, freed of fruit coats upon falling in the autumn
and stored in the duff during winter, germinate the following
spring. Other seeds await the second spring (Parker, 1950).
Generally stands are unevenaged, and this condition is main-
tained by selection harvests which paritally open stands and,
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thereby, afford light for stimulating seedling growth. Seedlings
frequently appear as advance reproduction. Evenaged stands
occur where seed-tree cutting or catastrophes have occurred,
provided viable seeds were then available. Abundant seed crops
are produced every two to three years.
Heavy cutting, however, tends to replace eastern redcedar
with other species, principally hardwoods. Replacement by oaks
if of good form and vigor is recommended.
Seeding and Planting
Minckler and Downs (1946) outlined techniques for direct
seedling in the Piedmont which may be useful elsewhere. Seeds
should be planted in the fall after storing a year and scarifying.
Sod should be removed, or a 10-inch diameter spot hoed clean.
The soil is loosened by slight chopping, 10 to 15 seeds placed
in a 14-inch or slightly deeper drill, the drill covered with i/i
inch of soil, and lightly tamped. On bare, eroded areas, seeds are
broadcast and covered with mulch Vs- to ^4-inch thick.
Another method is to make shallow, flat-bottom furrows 2
inches deep and 6 feet apart on the contours with tractor-pulled
side-hill plows 30 to 90 days before planting. The soil then has
time to settle before seeding which discourages rodents that
explore new furrows. The furrow slice is thrown to the downhill
side so soil will not wash into the furrow. About 3 seeds per
linear foot are used, and these are left to be covered with soil
by frost action and water. This covering is usually prompt, but
a light mulch of dead grass or debris i/i-inch thick may be raked
into the bottom of the furrow from the upper side.
Planting of eastern redcedar in the Virginia Piedmont was
reported unsatisfactory by Gruschow (1948), who employed
holes, mattock slits, and bar slits with 1 + 0 stock. On the other
hand, good plantations have been established by conventional
methods in the Georgia and North Carolina Piedmont and the
Carolina sandhills. Perhaps the long growing season there is
partially responsible, as growth continues through September
for a "grand period" of over 200 days, exceeding that of many
other trees (Jackson, 1952; McGee, 1964; McCormack and Kor-
stian, 1963). Cuttings are also used to propagate this species.
Since eastern redcedar grows on drier locales than even short-
leaf pine can endure, redcedar is preferred for planting on the
most xeric sites. The species is sensitive to flooding.
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Fertilization
Redcedar responds well to fertilization. Maki (1958) reported 3 ounces
per tree of 8-8-8 formulation and 3 ounces of ammonium nitrate-limestone
mixture (3:2) produced young trees averaging 1 to 2 feet taller than those
untreated.
Inherited Characteristics
Six years after planting eastern redcedars from eight widely separated
sources, great genetic variation among the sources in color of winter foliage,
crown form, and growth rate was exhibited. Survival, leaf form, and resis-
tance to cedar-apple rust also varied. The most outstanding progeny in this
southern Illinois planting grew from seed collected in central Tennessee.
These trees, the largest and greenest in winter, had 92 percent survival after
6 years. The crowns—broadly conical with mostly scale-like leaves, high
vigor, and favorable form—make this a possibly superior seed source for
Christmas trees, lumber, and posts (Minckler and Ryker, 1959).
Intermediate Management
Weed-tree control is necessary to release redcedar from com-
petition. While it is tolerant to shade for sustenance, growth
requires exposure to light from above, and branches develop
when trees are released. Stands should be thinned early for
Christmas trees, bean poles, and fence posts; later for larger
poles and sawlogs (Arend, 1947).
A relationship has been found between root development and
transpiration rate. Parker (1949) showed transpiration in-
creased directly with the increase in root surface :leaf surface
ratio. Thus, root extension at a more rapid rate than foliage
expansion could, in dense stands, make sites behave even more
xeric than they otherwise would. Heavier thinnings may be
necessary to overcome this situation. Thinnings should leave
redcedar rather than less xeric species, such as shortleaf pine, on
dry sites.
Injurious Agents
Diseases
Pocket Rot
Eastern redcedar, especially suppressed trees, is susceptible
to infection by Fames annosus, causing a stringy, white, sapwood
pocket rot of butts and roots (Dwyer, 1951; Miller, 1943). Wind-
throw and the small size of trees is attributed to this disease.
Perennial conks of the fungus often occur a few months after
death at grooves in root collars or on roots at the ground line.
More F. annosus occurs on eroded and gullied sites than else-
where, and it is possible that stands in soils derived from basic
rocks have less disease than when in soils from acid rocks, even
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though both soils are acidic. Trees are killed regardless of age;
10 percent may be lost in fence post-size stands. Opinion differs
as to whether suppression is a factor in infection, but Miller
(1943) says competition for light renders stems susceptible to
attack. He notes little loss to rot in well-developed vigorous trees
in full sunlight; therefore, it seems desirable to release trees
from overhead competition.
Symptoms of the disease are browning of foliage, decaying
taproots which enable trees up to 3 inches dbh to be easily
pushed over, and exuding resin in rifts of root bark. Redcedar
heartwood may contain a chemical toxic to this rot, as it is to
other rots (Dwyer, 1951).
Cedar-apple Rust
Eastern redcedar is the alternate host for the fungus Gymnosporangium
juniperi-virginianae causing cedar-apple rust. While the disease does not
injure redcedar, other than causing a gall on small branches and a canker
on stems, it is so destructive to apples that planting redcedars in the vicinity
of orchards is discouraged.
Insects
A few destructive boring insects feed on living trees, and
bagworms occasionally consume foliage. These are not considered
serious but, where borers degrade logs for specialty products,
insecticide spraying may be appropriate.
Wildlife Relations
Winter browsing of cedars, both eastern redcedar and Ozark
white-cedar, may be serious in years of relatively scarce oak mast
or inaccessible mast due to deep snows. The previous year's
height growth of short trees and foliage below S1/^ feet may be
consumed after oak mast is exhausted (Read, 1948). Little dam-
age occurs to trees above this browse height except where deep
snows crust for extended periods. Where deer herds are so great
that browsing is severe, legal control must be sought.
The berries of redcedar are good game food and the trees
serve well for game cover. The abundance of redcedar along
fence rows attests to its palatability for birds, particularly robins
and waxwings. In an experiment with a Bohemian waxwing,
900 berries were passed through the bird in 5 hours (Phillips,
1910). Stands in Tennessee, Texas, and Florida have long been
attributed in large part to birds, particularly migratory ones;
and in the Tennessee Cedar Glades, robins have a winter haven
(Jelley, 1937). (It is reported that a herd of cattle moved from
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the Texas Cedar Brakes into Kansas gave rise through manure
droppings to a small stand of juniper in a treeless prairie.)
The presence of berries in the winter when other fruits and
weed seeds are scarce makes the species desirable in wildlife
management. The fruit, maturing in the fall and clinging to
trees until late the following spring, is deep purple with a whitish
bloom, enabling it to be readily seen at great distances. Seeds
are about 5 percent protein, 10 to 30 percent sugar, and 12 to 20
percent starch (Phillips, 1910).
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ARIZONA CYPRESS
Christmas trees, introduced in this country during the Revolution by
Hessian soldiers, are now decorated throughout and beyond the Anglo-Saxon
world. Trees marketed in the South are principally western and northern
spruces and firs because the hard pines are not full-crowned and eastern
redcedars are prickly.
Of fifteen species tested in Alabama for Christmas-tree suitability,
Arizona cypress was found most desirable, followed by eastern redcedar,
Virginia pine, and white pine. Arizona cypress has excellent first-year
survival and may exceed 11 feet in height in 5 years (Garin and Moore,
1951).' However, the branches are weaker than for most other commercial
Christmas trees.
Arizona cypress has a rich aroma and retains, if kept cool, the bluish-
green color of its smooth, scale-like leaves.
Plantation Establishment
The species does best in the coves and lower slopes of the Piedmont
province, being rather demanding of favorable moisture and fertility (Fig.
22). Two inches of topsoil is the minimum for successful plantation estab-
lishment. Recommended spacing—for growth, form and convenience of opera-
tion—is 4 x 7 feet.
Poor stock, improper handling and planting, poor soil, and failure to
cultivate after establishment may cause plantation failures (Shain, 1957),
as sites which are plowed before planting and hand cultivated afterward
have appreciably higher survival rates. Height growth, however, was sig-
nificantly poorer on prepared sites which were not subsequently cultivated
due to competition from grasses and forbs (Dumbroff, 1957). Weeds may
:*•
Figure 22—An Arizona cypress plantation.
'See also Posey and Goggans (1967).
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mechanically cause deformities among lower branches also, making long
periods necessary for obtaining well-formed trees. Dumbroff found no sig-
nificant improvement in survival due to root pruning, top pruning, and root
and top pruning. It seems, therefore, that pruning to reduce transpiration of
Arizona cypress seedlings is not necessary.
Fertilizer prescriptions are not well-formulated as yet. Too rapid height
growth may result in spindly stems unsuitable for Christmas trees and with
insufficient root to support a top-heavy stem. Color is improved and height
growth increased 0.7 foot per year with applications of 100 pounds per
acre of nitrogen. Seventy-five pounds per acre of nitrogen, and applications
of phosphorus, potassium, and trace elements were ineffective on the same
site (Garin, 1954).
Pruning
Frequent pruning of seedlings is necessary to keep trees from being
columnar and to insure lateral branch growth and consequent pyramidal
form. As this species occurs in many shapes, from tall and slim to short
and squat, pruning effectively overcomes poor form in certain individuals.
Treatments are made in midsummer to give trees time to recover.
Harvesting
Trees may be harvested by cutting high stumps, leaving a single vigorous
branch near the base. This branch turns upward, develops a new leader,
and with pruning forms a new tree without resource to replanting. This
process may be repeated several times. Because the root system is already
established, the new trees grow rapidly, and may be ready for harvest in
2 or 3 years.
Injurious Agents
Even the coolest winter fires injure Arizona cypress. Seedlings are
attacked by pales weevils and browsed and trampled by cattle, making them
unfit for commercial use. Under conditions of optimum growth, soil water-
logging encourages leaning and bending of stems which results in the trees
becoming misshapen and unmerchantable.
Juniper Blight
Juniper blight, caused by Phomopsis juniperovora, turns the foliage
brown and renders the trees worthless for Christmas decorations. Infection,
destroying a third of the trees in some plantations, progresses from the
lower branches upward. Lesions on the stems are often limited and healing
may occur. Black pycnidia up to 0.5 mm in diameter are formed on leaves
and stem lesions.
Control
Destruction of infected branches may reduce spread of the disease.
Fermate or Special Semesan sprays are effective; but if the latter is used
exclusively, the soil may accumulate toxic quantities. Certain individuals
appear resistant and, if so, their progeny should be employed (Shain, 1957).
Frost damage, following sudden drops in temperature, causes needles to
brown and trees to die, and this may be confused with juniper blight. The
false growth rings caused by frost damage in the spring after growth begins
may provide a clue as to whether frost or disease is responsible for dis-
colorations (Clock, 1951).
80 Stephen F. Austin State College
HEMLOCK
Hemlocks occur in the Southern Appalachian Mountains as a pure,
unevenaged type or mixed with white pine or hardwoods. Eastern hemlock
inhabits all but the upper slopes where it is replaced by Carolina hemlock.
Site Influences
Hemlock stands are usually found on northern slopes and moist ravines.
When occurring with white pine, the two species comprise a type occupying
many old-field sites in the Southern Appalachians. As the less tolerant white
pine is not perpetuated, it passes from the stand, leaving pure hemlock
unless encroached upon by hardwoods, principally oaks and hickories. In
old-fields, hemlock often comes in after white pine is well established, but
the obverse is not likely to occur.
The species often occurs in groves. As such, it expands concentrically,
but is replaced by hardwoods as old trees in the center of the grove die
(Pearson and Autumn, 1962).
Stands of large hemlocks and white pine in the Southern Appalachian
Mountains have been called virgin when they were actually of old-field
origin, coming in following the agricultural depression of the 1890's which
encouraged human migration to the lowlands. When trees are too large for
increment boring, an overburden of soil resting upon a plow layer once at
the surface confirms stand genesis.
The development of an isolated stand of eastern hemlock on the Warrior
Plateau of Alabama is attributed to high humidity. Evaporation atmometers
placed in shady hemlock forests in June and July showed a loss of only
5 cc of water per day in contrast to 10 cc in an adjacent oak-pine type
(Segars, Crawford, and Harvill, 1951). The locale of another disjunct stand,
in the Georgia Piedmont (now inundated by Lake Lanier), is 20 miles south
of the nearest other hemlock and the furthest south the species is reported.
Bormann and Platt (1958) believed the stand developed because of sub-
surface seepage in the biotite schist and gneisses found beneath the soil
on the north-facing slope, this aspect minimizing heating and drying effects
of solar radiation. Flooding at long intervals removed litter, bared the seed-
bed, and deposited a thin layer of sand on the site. The high water was
followed by several moist years and, with seed available, gave rise in time
to a 3-age forest.
Species Influences
Soil under hemlocks in the Piedmont, described above, has relatively
low bulk density and high porosity in contrast to adjacent stands. This
favorably influences soil water-absorbing and water-holding capacity, making
the species desirable for watershed cover. The porous condition is due to
working of the soil by animals which are attracted by the high nutrient
content of the foliage, compared to that of other conifers. Conversely, pH
was lower under hemlocks on a sandy loam soil than in the open, probably
due to lower available calcium levels in the soil of coniferous forests than
in neighboring areas. Earthworm populations are consequently reduced, the
humus remains in a raw state, and physical properties are not particularly
favorable for water absorption and retention. However, when limed (with
oyster shells), available calcium and consequently pore volume and infiltra-
tion rate are improved (Mergen and Malcolm, 1955). Thus, liming with
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perhaps 2 tons per acre of crushed rock may be required for best results
in ameliorating sites for watershed protection. Stone (1944) cited a rela-
tion between the occurrence of hemlock and pH, not necessarily indicating
that pH influences distribution of the conifer but, rather, that pH is de-
creased as a result of hemlock habitation. Beech, birch, and maple trees in
the vicinity did not affect pH.
Measurements of the chemical composition of rainwater collected from
stemflow and foliage-drop showed that considerable amounts of potassium
and calcium are leached from needles and branches and returned to the soil.
These deposits are greater in September than in May, allowing considerable
losses of nutrient elements in drainage water during heavy winter rains
before the nutrients can be utilized the following spring. It is noteworthy
that nitrogen, potassium, phosphorus, and calcium in water collected from
hemlock stemflow exceeded that from beech (Voigt, 1960).
Growth Regulating Factors
The influence of growth-regulating factors has been illus-
trated for hemlock. For instance, (1) night lengths exceeding
8 to 9 hours accelerate bud formation and hardening off of stems,
(2) cool temperatures encourage early bud development, (3)
drought and nutrient deficiencies hasten termination of growth,
and (4) radial growth is probably not affected by either average
monthly precipitation or its distribution over a 15-month period
(Nienstaedt and Olson, 1961; Schumacher and Day, 1939).
These observations may be important in hemlock introduction
in mountainous areas and sites near large bodies of water which
affect climate over relatively small areas, as the transfer of
seeds and stock from one micro-climatic zone to another could
result in trees of poor vigor or subject to frost damage. Seeds
from the Southern Appalachian Mountains are quite likely to
produce trees which, when planted in the north, are more readily
injured by frost than northern stock. Thus, seeds and stock from
Georgia should not be introduced into sites further north nor
at higher, colder elevations.
Establishment
Partial shade is generally required for establishment of hem-
lock reproduction. Sun scald is serious, especially where stands
with advance reproduction are suddenly and drastically opened.
Selection and shelterwood harvests which maintain a canopy of
50 percent provide adequate shade.
Cutting in the spring, following a good seed crop—likely to
occur every 2 to 3 years—is suggested, using the shelterwood
method if the stand is evenaged and a selection harvest if
unevenaged. Selection cuts may convert stands to unevenaged
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conditions within a rotation. Evenaged hemlock stands frequently
appear unevenaged due to a wide range of sizes.
As seeds germinate from March to May after winter dis-
persal, regeneration cutting should be done in time to prepare
seedbeds. Pre-harvest site scarification may be desirable as seeds
disseminated before cutting are then in contact with mineral
soil and readily germinated.
Merrill and Hawley (1924) suggest grazing to scarify the
soil for seedbed improvement. Livestock do little damage to this
conifer but, rather, browse severely the competing deciduous
trees. Thus, grazing may be carried on for several years before
and after harvest cutting.
While in the northern United States hemlocks come in under
oaks, this is rarely the case in the Southern Appalachians and
adjacent Piedmont area. Where it happens, hardwoods are pre-
ferred unless their form or species are undesirable. However,
hardwoods do frequently encroach in hemlock stands in the
southern part of the range.
Mycorrhizae are important for seedling survival, the myce-
lium sometimes completely enclosing rootlets. These fungi are
most advantageous where soils are slightly acid. (Frothingham,
1915). Damping-off fungi may be detrimental to seedling estab-
lishment.
Seed Production
Hemlocks begin to bear flowers at 20 to 40 years, when trees
are 15 to 20 feet tall. Staminate buds, appearing about July 1
and fully developed by the end of the month, are twice as large
and more conical than lateral leaf buds. Flower shoots are recog-
nized by their shortness, rarely exceeding an inch in contrast to
leaf-bearing shoots of 8 to 10 inches. Pistillate flowers begin to
apppear about July 1, grow more slowly than the staminates, and
mature in October of the same season.
Cones release winged-seed gradually—over several months—
the bracts opening with dry weather and closing when damp.
Thus, dissemination is in all directions as winds are not from
the same direction whenever the weather is dry.
After Establishment
Hemlock grows more slowly than its competing hardwoods
as a general rule. Therefore, early removal of undesirable over-
topping broadleaf species is necessary. Several cleanings of weed
trees and their sprouts may be required during a rotation.
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Hemlock responds to release, probably partly because of addi-
tional soil moisture. Taproots, when present, are obscured by the
development of laterals, but both provide windfirmness where
stands are drastically opened. Thinnings must not be so severe
that sun scald results and, therefore, cuts on southern slopes
should be lighter than those facing north.
Pruning is desirable for improvement of lumber quality.
Techniques used for other species are probably satisfactory.
Fire must be kept from hemlock stands. The thin bark and
shallow root systems make prescribed burning of the mildest
type an unsound practice. Wind causes radial stress cracks and
wind shake.
Figure 23—Dense hemlock stands of low-value are a major component with
yellow-poplar in the lower coves. Under intensive forest man-
agement, these most productive sites should be converted to
yellow-poplar. For watershed and timber management, cutting
of hemlock (arrow) is feasible.
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Hemlocks are relatively free of insect and fungal pests. Only
the eastern hemlock bark borer, a flathead, is important. Mining
of the bark of living and dead trees is the principal sign of the
insect's presence. Loopers of the genus Lambdina and several
heart rots may attack the species.
Watershed Management
As mentioned previously, hemlock is likely to accompany
white pine or hardwoods in the Southern Appalachians. Since
white pine is preferred for lumber, it should be favored, even
in spite of the potential of hemlock for watershed improvement;
the difference between the two species is probably not so great
as to warrant discrimination for water resource management.
Where hemlock is occupying the best sites, along major
streams at lower elevations on mountain watersheds, and where
yellow-poplar is present, the conifer should be harvested. Yellow-
poplar will not be able to penetrate dense hemlock canopies
unless released. Harvesting hemlock results in reduced transpira-
tion and increased water supplies. In the openings, where logging
scarifies the soil and thus improves the seedbed, additional
yellow-poplars readily become established. Water quality is not
detrimentally influenced since logging occasional trees along
water courses with proper precautions, such as skidding away
from streams, does not increase turbidity significantly (Fig. 23).
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Baldcypress, also called southern cypress, is widely distributed through-
out the South, especially in the Coastal Plain. It is so named because of
its deciduous nature, unique among needleleafed trees of the order. Its
range is more extensive than that of pondcypress, a variety of baldcypress
(Figs. 24 and 25).
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Figure 24—A cypress forest.
Pure baldcypress stands are common in muck swamps and sloughs
joining hardwood ridges of deep alluvial soil.' Although mesic uplands of
deep, moist, fine sandy loam soils are preferred, the species cannot compete
with other vegetation there, and, hence, is confined to wetter areas. Pond-
cypress may be more demanding of seasonably dry sites than baldcypress.
The former is generally smaller and in denser stands than the latter. Sand
bottoms are generally found under pondcypress stands, and deeper sands
have better growth. Thus, this variety commonly occurs in highly acid "pine
'Stubbs (1962) reports on two kinds of swamps which support fine stands of bald-
cypress: along the (1) "red water" rivers that carry much silt and clay, originating in the
Piedmont and mountains and (2) "black water" rivers of the Coastal Plain which carry
little mineral sediment but are dark with suspended organic matter.
]
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Figure 25—Second-growth baldcypress with a few scattered larger trees.
barren" ponds in company with pond and spruce pines. Marl-underlain soil
along some rivers is not conducive to pondcypress growth, but does produce
good baldcypress. This may be due simply to availability of seeds rather
than to a preference for a particular site by either variety.
Cutover forests are not reproducing naturally to this highly valuable
species because of fire, submergence, and failure to retain seed trees. How-
ever, merchantable stands occur in the Mississippi River bottoms as far
north as Illinois, and the type is an important component in the vast fresh-
water Okefenokee Swamp of southeastern Georgia on organic and mineral
soils. (In the Okefenokee, trees cut 2 generations ago were transported over
tramroads built on stilts which still traverse the swamp.)
Frey (1954) reported on a 650-year-old stand of baldcypress in the
Bay Lake area of North Carolina, one of the few remaining virgin forests
of the type. Trees over a thousand years of age, 130 feet tall, and 10 feet in
diameter were common. Another virgin stand—of pondcypress—is more than
250 years old (Walker, 1963). A second-growth stand in north Mississippi
produced 52 MBM per acre, the average crop trees being 18 inches dbh and
112 feet tall at 85 years of age (SFES, 1960).
Ill
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Ring-counting
Ring-counts in second-growth cypress are inaccurate for determining
age for site correlation. False rings due, probably, to growth fluctuation as
a response to soil moisture and aeration are common, and increment cores
from opposite sides of the same tree vary up to 10 percent. Cores, taken
above butt swell, are sliced down the middle for examination under 20x
magnification. True summerwood then appears as narrow bands of small,
thick-walled cells; and false rings disappear as the stains which cause them
are indistinct when wood structure is magnified (Beaufait and Nelson, 1957).
Stunted South Florida Trees
Unusually stunted baldcypress trees occur in south Florida. Although
large enough for small sawlogs, volumes per acre are considerably below
the potential for other baldcypress sites. Rock formations near the surface,
malnutrition, and standing water 6 months of the year followed by 6 months
of dry soil with high surface temperature are postulated causes for dwarfing
(Lorenzo, 1953), but inheritance or seasonal high water seem most probable.
Baldcypress Domes
In the flatwoods and savannas of peninsular Florida, "domes" of bald-
cypress and pondcypress are formed by confluent tops of crowded trees which,
beginning with short ones at the outer edge, stand progressively taller
toward swamp centers. Domes occur in other coniferous types, but the limi-
tation of cypress to domes in this section is unique. Pronounced baldcypress
domes occur up to 25 miles inland and only at elevations below 100 feet.
Pondcypress domes are encountered in depressions or sluggish creeks of the
flatwoods and in ponds of the sandhills.
Perhaps trees at edges are dwarfed by unknown soil conditions which
become so toxic as to finally exclude the species. Perhaps seedlings at the
edge are invading as the site becomes favorable for cypress due to fire and
cattle exclusion or gradual deepening of water in the basin. Or, perhaps,
outer trees are younger than inner ones, due to high mortality caused by
fire and grazing. New shoots or seedlings replacing dead trees are evidence
that mortality increases as stand edges are approached. Kurz and Wagner
(1953) noted that damage to existing trees is greatest at the dome edge.
When ground fires damage trees' at their bases, they sprout; but the
sprouts are killed by the next fire and again they sprout. Crown fires, con-
versely, kill terminal shoots which are replaced by low lateral branches that
become dominant and, as fire crosses the grass prairies surrounding wetter
domes, trees at the periphery, where water is shallowest, are more susceptible
to injury than stems further inward. This, however, may not satisfactorily
explain the gradual nature of the decline in height of trees toward dome
edges. There is also the possibility that cattle brushing flies by rubbing
against trees or deer rubbing antlers may damage stems on the stand edge.
Knees and Buttresses
As cypress knees and trunk buttresses may have significance in silvi-
culture, their role and cause of origin, though hypothetical, are discussed.
Knees are peculiar conical structures arising from shallow widespread root
systems. Buttresses of trunks, tapering extremely in the first log and thereby
'Baldcypress is almost as resistant to fire damage as longleaf pine due to insulating
efficiency of bark (Hare, 1965).
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invalidating the use of form class, were thought to extend below the surface
of the ground. In areas drained below the usual low water level, however,
Kurz and Demaree (1934) observed that buttresses actually terminate at a
level below which water almost never recedes. From that level to the ground
surface trunks are narrow, possibly because (1) normal unbuttressed trunks
have no excess water, but do have an abundance of air, or (2) the section
Figure 26—Buttresses of baldcypress trees below the usual low water level
(after Kurz and Demaree, 1934).
of the trunk under water is saturated, but without adequate air, the but-
tresses being a response to water plus air, concomitant with rising and
lowering water levels (Fig. 26). Mattoon (1915), too, called attention to the
fact that only slight swelling occurs in swamps not subject to high floods.
It was concluded by Kramer, Eiley, and Bannista (1952) that because
little gas exchange occurs between roots and knees, these structures are not
essential for root aeration. Knees reduced oxygen content in closed air-tight
containers surrounding the protuberances, but most of the oxygen absorbed
was used by the large amount of cambial tissue in knees. This is particularly
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evident since knee growth is more rapid than root growth and, therefore,
more demanding of oxygen. Furthermore, trees grow in deep water and in
the absence of knees; and removal of the organs seems to have no effect
upon growth and survival.
Mattoon (1915) considered knees important for basal support in organic
soils described as "trembling earth." Windfirmness is indicative of efficient
anchorage, as a 10-foot pole erected by engineers would remain but shortly
on such sites. Mattoon's evidence is (1) the general absence of knees in
swamp soils superficially dry during most of the year, (2) the presence of
knees where surface water is excessive for long periods, (3) the rise of
knees to the approximate height of the average flood level, and (4) the inter-
woven network of, and the anchorage afforded by, a deep root mass beneath
the knees.
Establishment
Natural Regeneration
Baldcypress and its pondcypress variety, ecologic pioneers, become estab-
lished when water is low in one or more extremely dry seasons following
periods of sufficient moisture for soaking the soil for 1 to 3 months. A sat-
urated, but not inundated, seedbed is essential for seed germination (Du-
Barry, 1963). Natural reproduction may come in after drainage of open
cypress flats or wet ponds where herbaceous and shrubby undergrowth are
absent.
Little is known of the proper treatment of cypress stands because few
such forests remain to arouse experimental interest. As both varieties occur
in pure evenaged stands, maintaining this characteristic seems appropriate.
Mattoon (1915) early recommended selection harvest, but this is questionable.
Seeds, produced about every third year, are sticky and, hence, not eaten
by birds and rodents. Ripened by October or November, seeds are scattered
neither by wind nor animals, but by water alone; and they are often washed
from the site of initial deposition. Germination, in the spring, is usually poor
except in seedbeds of sphagnum moss and soft wet muck. In spite of fre-
quent good seed crops, as obtained with 4 to 8 seed trees per acre between
10 and 18 inches dbh, conditions often prevent regeneration more than once
in 30 years (Rathborne, 1951; Cain, 1935). Where a pine seed source is pres-
ent, pines take over openings and, if drainage is sufficient, replace cypress.
In the Bay Lakes, unusual sites for regeneration establishment are the
bases and knees of old trees on which typical bay shrubs and trees encroach
to form "islands." These expand, unite, and, aided by vast root systems of
bay shrubs along the shore, form a solid organic surface which covers the
ponded area. The islands also are said to be portions of original shore lines
which have not been destroyed by erosion (Frey, 1954).
While baldcypress may sprout, the shoots are usually unsatisfactory. The
sapwood of stump sprouts quickly rots: basal sprouts are more lasting.
Shoots seldom occur on trees more than 90 years old and on stumps injured
in logging. Sprouts grow faster than seedlings—as much as 6 to 10 inches
dbh in 12 years—and, hence, compete effectively where their vigor is satis-
factory (Mattoon, 1915).
Because baldcypress trees are intolerant of overhead shade for long
periods, some release of reproduction may be necessary. It may be desirable
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to convert poorly stocked cypress stands to hardwood forests where regenera-
tion is not readily established. However, upon heavy cutting, baldcypress
sites are frequently captured by sweetgum, nuttall oak, willow oak, red
maple, and water tupelo.
Flooding
Floods overtopping seedlings during their first year for more than 3
weeks, except in winter, kill them. While it is detrimental to submerge plant
tips after trees are in leaf for briefer periods, death may not result. Some-
times stems re-leaf in late summer after being inundated for several months
during the growing season. Warm water and deep deposits of silt and clay
sediments, along with oxygen deficiency, attribute to poor survival of sub-
merged seedlings.
Transpiration promptly subsides upon flooding of seedlings in spring or
fall, but the reduction during fall flooding is greater. Draining after 4 weeks
of flooding did not result in increased transpiration of trees in autumn-
flooded soil, but did temporarily increase water losses for seedlings flooded
in the spring. Seasonal dormancy probably affected the autumn-treated
plants (Parker, 1950) (Fig. 27).
SPRING FLOODING
FALL FLOODI
3 II 19 87 35 43
TIME SINCE FLOODING (DAYS)
Figure 27—Transpiration of baldcypress seedlings in soil flooded in the
spring and fall for about 4 weeks (after Parker, 1950).
Artificial Regeneration
Artificial reforestation is suggested for regeneration of baldcypress and
pondcypress. Seedlings should be more than 30 inches tall, 1 + 0 stock, and
spaced at 8 x 8 feet. Seedlings % inch in diameter and larger at the upper
end of root collar survived well in wetlands in the Southeast. These trees
were 1 foot tall when planted and grew 1% feet the first year (Klawitter,
Baldcypress 91
1961). In inundated areas—typical reforestation sites for this species—
Rathborne (1951) poked holes into the ground, using a stick 1% inches in
diameter, into which the stiff, long taproots were threaded. Neither stem
clipping to reduce transpiration nor planting of stems 6 inches deeper than
normal improves survival or growth (Krinard, 1959). Seedling growth
ranges from less than 6 inches to more than 30 inches the first year and
6 to 7 feet in 4 years. It is estimated trees will average 12 inches dbh in
70 years ((Mellinger, 1962; Johnston, 1963; Burton, 1964).
Intermediate Management
Thinning, where desirable to release trees from suppression, should be
distinctly either from above or below—to completely release an understory
or to provide more growing space for crop trees in the dominant canopy.
Where trees are arrayed over a wide range of size classes (or of many
ages), removal of overtopping stems is advisable.
Destructive Agents
Baldcypress and pondcypress are notably free of insects. The most
serious pest is a leaf-chewing beetle, Systena marginalia, causing foliage to
discolor in mid-summer. Damage is done by small (1/8- to 3/16-inch long),
flattened, dull yellowish-tan adults. The insects do not remain on trees more
than 3 days. Leaves are not consumed, but turn red within a few days after
attack, and heavy feeding is evidenced by linear-shaped gougings that sel-
dom pierce both leaf surfaces (Smith, 1954, 1954a). After foliage turns
color, leaves shrink to the degree that feeding holes are difficult to see unless
leaves are soaked in water overnight. Defoliation reduces growth and vigor,
enabling secondary pests to further weaken and kill trees (Morris, 1955).
Disease
Cypress stands are relatively free of rots and other fungi infections.
Pecky cypress results from infection of Fames geotropus—the scientific
species name derived from the downward curvature of the dried bracts,
which are rarely found on cypress trees. The fungus probably enters through
basal fire wounds. Damage, characterized by cavities which eventually occur
throughout the heartwood of a tree, is especially serious on overmature stems.
These pockets, generally several inches long, fill with brown powder which
may be antiseptic and, thereby, arrest further disease activity. Fungus
growth ceases when trees are felled. Old trees may require decades to die.
Rodents
Swamp rabbits may be a serious problem in baldcypress plantations. In
a Louisiana swamp, 75 percent of the seedlings were clipped above ground,
making a smooth-angle cut. Damage occurs only on non-flooded sites.
Clipped stems generally re-sprout, but the short shoots are killed when
inundated.
Nutria, introduced from South America in the 1930's, uproot seedlings,
eat bark from tap roots, and, in some cases, consume whole roots. Damage
occurs in the spring, on flooded sites first and then on adjacent non-flooded
areas for a distance of 15 to 20 feet from the water's edge. In contrast to
swamp rabbit injury, the cut is rough and at an angle of about 40 degrees.
As seedlings are carried back to the water to be eaten, sections of debarked
roots and seedlings tops are found strewn upon the surface of the pond
(Blair and Langlinais, 1960).
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APPENDIX
Common and scientific names of species mentioned in the text.
Ash, Mountain
Baldcypress
Beech, American
Birch, Gray
Yellow
Blackgum
Cherry, Fire or Pine
Cyrilla, Swamp
Dahoon, Myrtle
Dogwood, Flowering
Elm
Fir, Frazer or Southern Balsam
Hackberry
Hawthorn
Hemlock, Carolina
Eastern
Hickory
Holly, Dune
Ironwood, Swamp
Juniper, Alligator
Ashe
Ground
Pinchot
Larch, European
Magnolia, Cucumber
Southern
Maple, Red
Sugar
Oak, Bear
Black
Blackjack
Chapman
Chestnut
Live
Myrtle
Nuttall
Scarlet
Swamp White
Turkey
White
Willow
Trees
Sorbus americana
Taxodium distichum
Fagus grandifolia
Betula populifolia
lutea
Nyssa sylvatica
Primus pensylvanica
Cyrilla racemiflora
Ilex myrtifolia
Cornus florida
Ulmus spp.
Abies fraseri
Celtis occidentalis
Crataegus spp.
Tsuga caroliniana
canadensis
Carya spp.
Ilex opaca var. arenicola.
Cyrilla racemiflora
Juniperus deppeana
ashei
communis
pinchotii
Larix decidua
Magnolia acuminata
grandiflora
Acer rubrum
saccharum
Quercus ilicifolia
velutina
marilandica
chapmanii
montana
virginiana
myrtifolia
nuttallii
coccinea
bicolor
laevis
alba
phellos
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Persimmon
Pine, Eastern White
Loblolly
Longleaf
Pitch
Pond
Red
Shortleaf
Slash
Spruce
Virginia
Western White
Pondcypress
Redbud
Redcedar, Eastern
Sassafras
Saw-Palmetto
Spruce, Norway
Red
Swamp-Bay or Sweetbay
Sweetgum
Tupelo, Water or Tupelogum
White-Cedar, Atlantic
Yellow-Poplar
Diospyros virginiana
Pinus strobus
taeda
palustris
rigida
serotina
resinosa
echinata
elliottii
glabra
virginiana
monticola
Taxodium distichum var. nutans
Cercis canadensis
Juniperus virginiana
Sassafras albidum
Serenoa repens
Picea abies
rubens
Magnolia virginiana
Liquidambar styraciflua
Nyssa aquatica
Chamaecyparis thyoides
Liriodendron tutipifera
Azalea, Wild
Blackberry
Blueberry or Huckleberry
Leather-Leaf
Mountain-Laurel
Myrtle
Rhododendron
Sheep-Laurel
Waxmyrtle
Shrubs
Rhododendron nudiflorum
Rubus spp.
Vaccinium spp.
Chamaedaphine calyculata
Kalmia latifolia
Myrica spp.
Rhododendron maximum
Kalmia angustifolia
Myrica cerifera
Clover, White
Clubmoss
Fern, Bracken
Lespedeza
Polytrichum Moss
Reindeer Moss
Smilax
Umbrella-Sedge
Herbs, Vines, and Lower Plants
Trifolium repens
Lycopodiaceae spp.
Pteridium spp.
Lespedeza striata
Polytrichum spp.
Cladonia rangiferna
Smilax spp.
Cyperus spp.
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Grasses
Broomsedge
Cane, Switch
Grass, Bluestem
Common Bermuda
Panicums
Wiregrass
Bear, Black
Deer, Whitetail
Mice, Meadow
White-Footed
Nutria
Rabbit, Cottontail
Swamp
Squirrel, Gray
Voles
Dove, Mourning
Robin
Waxwing, Bohemian
Chewink
Ant, Harvester
Beetle, Black Turpentine
Four-Eyed Spruce Bark
Pine Engraver Bark
Southern Pine
Borer, Eastern Hemlock Bark
Budworm, Spruce
Cricket
Moth, Nantucket Pine Tip
Sawfly, Black-Headed Pine
European Spruce
Red-Headed Pine
Sawyer, Southern Pine
Weevil, Pales
White Pine
Andropogon virginicus
Arundinaria spp.
Andropogon spp.
Cynodon dactylon
Panicum spp.
Andropogon scoparius
Mammals
Ursus americanus
Odocoileus virginianus
Microtus spp.
Peromyscus leucopus
Myocastor coypus
Sylvilagus floridanus
palustris or aquations
Sciurus carolinensis
Clethrionomys spp.
Birds
Zenaidura macroura carolinensis
Planesticus migratorius niigratorius
Bombycilla garrula
Pipilo spp.
Insects
Pogonomyrmex badius
Dendroctonus terebrans
Polygraphus rufipennis
Ips spp.
Dendroctonus frontalis
Melanophila julvoguttata
Archips fumiferana
Anurgryllus muticus
Rhyacionia frustrana
Neodiprion exitans
Diprion hercyniae
Neodiprion lecontei
Monochamus titillator
Hylobius pales
Pissodes strobi
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